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No a worry in the world of fluorescent lighting 
with the new Advance fluorescent lamp ballast service warranty program 


This new ADVANCE Fluorescent Lamp Ballast 
Service Warranty Program has been designed to 
protect every fluorescent lighting equipment 
‘manufacturer, specifier, supplier, installer and . 
fluorescent lighting user against labor costs arising 
from an excessive number of failures ed 
ADVANCE Representative or write for details on 
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Sylvania VHO fluorescent lamps help make Pennsylvania Transformer Division's 


Wire Wrap Dept. a more pleasant, more efficient place to work 


DAYTIME BRIGHTNESS AT NO INCREASE IN POWER COST... 





with Sylvania VHO Fluorescent Lamps! 
(Very High Output) 


Ai TER CAREFUL EVALUATION of lighting systems for the 


remodeling ol production 
Pa., plant, Pennsyly 
concluded that Sylv 


facilities in their Canonsburg, 

ania Transformer Division engineers 

ania VHO fluorescent lamps ideally 
suited their needs. 


Sylvania VHO fluorescents was 

their choice because these lamps 
provide 2!. times more light than 

‘ standard fluorescent’s. Because they 
are slim, there’s no need for bulky- 
sized sockets and fixtures. Because 


But, best of all, their smooth round surface has been showr 
to be the most effective shape for very high output lamps. 
Sylvania VHO fluorescents are efficient initially and they 
maintain higher output with no change in light distribu- 
tion throughout the life of the tube. 

When it comes to lighting—an important constant cost 
factor in doing business—it will pay you to compare the 
facts that tell the true story behind all competitive 
claims. Your Sylvania representative or supplier is ready 
to give you the complete story. Cal! him, or for free 
literature write direct to: 


SYLVANIA LIGHTING PRODUCTS 
Dept. 9L-3506, 60 Boston St., Salem, Mass 
snia Electric (Canada) Lid., P.O. Bor 11 


¥SYLVAN IA 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS ¢ 


they are smooth they are not dust 


catchers ... are easy to clean. In Canada: Sylt 10, Station “O”, Montreal 9 
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a unified lighting service covering 
the entire continental United States 
PLUS 
Canada, Alaska and Hawaii... 


the NEW combined and expanded 


Curtis-AllBrite Lighting, Inc. 


TWO OUTSTANDING FIXTURE MANUFACTURERS 
NOW JOINED INTO ONE GREAT COMPANY 


to bring YOU 
GREATEST SELECTION, INSPIRED DESIGNS, 
SUPERB ENGINEERING, FINEST QUALITY, 
CHOICE OF MATERIALS AND FINISHES, 
PROMPT DELIVERY AND CLOSE-AT-HAND 
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CURTIS-ALLBRITE LIGHTING, INC. 
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VISITRON and REGULA...2 versatile luminaires 
in the new Curtis Designer Group 


Comes now a truly forward concept in lighting fixture styling. 
Two new luminaires by Curtis, first in a Designer Group, 


created in the contemporary mood, 


THE VISITRON... brimming in trim, slim-line >, 


. beauty with the future “designed in” to offer long 


— 


range satisfaction. Here imagination and entrancing realism 
join to blend contemporary design with the traditional in illumination. White 


plastic diffusers provide a luminescence extremely pleasing to the eye. 
) tue Recuta... ushering in an advanced trend that will be here for years to 


come. Smooth flowing contours dwell in harmony with today’s contemporat 


interior design . . . blend with the specially chosen furnishings of any decor 


Functional crystal plastic prismatic refractors create a sparkling lighting effect. 
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A Special Message 


from the President 


George J. Taylor 
President, [ES 
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FOOTCANDLE RECOMMENDATIONS— 


Their Scientific Basis 


Research Project No. 30 herewith presented, starting with the facing page, 
was a study to determine how much light we need for tasks involving various 
sizes, contrasts, times of seeing and degrees of accuracy 
Being an inquiry into the amount of light needed to perform various visual 
asks, the research work concerned only quantity of illumination. Other factors 
yf seeing, and of visual comfort, are the subjects of other investigations (see 
tO As with many valuable researches of the past—Cobb, Feree and 

Rand, Luckiesh, Moss, Weston, ef. al the study resulted from a critical 
v into the degree of difficulty the observer encounters in performing the 
seeing 

ts current significance to footeandle recommendations lies with the devel 

nt of a Visual Task Evaluator and of a field factor to equate statie labora- 

onditions with dynamic “moving eye” field conditions. As President 
points out, on the previous page, the quantity of illumination recorded 
ld tasks measured with the Visual Task Evaluator, are not “recom- 
led footeandle levels.” Weighed against tasks of comparable difficulty, and 
ted to other known factors of seeing, they provided, together with other 
the research study, sufficient scientific basis for valid recommendations 
illumination levels in numerous other areas. The footcandle recommenda 
tions, established by [ES Technical Committees. using conclusions from this 
study | scientific | . are included in the JES Lighting Handbook, 
, 1959 
this IERI Research Project on quantity of illumination have 
nany times in the past year at IES meetings, in the trade 
and most notably in the comprehensive non-technical de 
\ L. Crouch, in the August 1958 issue of ILLUMINATING ENGINEER 
page 416, August 1958 LE A re-reading of this now is recommended, 
the official report by Dr. Blackwell in this issue; likewise, a 
RQQ Report, also published in August 1958. An outline of Black- 
performance data, its application and its limitations, is also ineluded in 
Handbook, beginning on page 2-22 
ill be noted from this, and many other discussions of the study, it 
be assumed thi have all the answers, plus-or-minus zero. Other 
he relation of quantity of illumination and 
ell’s subjects were for the most part college 
relation of quantity of illumination and focusing — studies 
shorter APS exposure studies involving a different field 
15 established for this work. The Field Task Simulator devel 
se researches is an instrument for converting the static laboratory 
into additional normal field conditions. More information will be sought to 
ne how well it represents other types of practical tasks 
is good reason, however, to be excited by the progress made in illumi 
method of specification of interior illumination levels di 
kwell and his research team provides a basis, backed by 
for determining how much light we need 
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Development and Use of a Quantitative Method for 


Specification of Interior Illumination Levels 


on the Basis of Performance Data 


By H. RICHARD BLACKWELL 








INTRODUCTION 
An eight-year program of research is ports not or 
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[. CHARACTERISTICS OF VISUAL PERFORMANCE 


™ visual system is primarily an infor 


mation-assimilation system and visual performance 


should refer, therefore, to the rate at which infor- 
mation is assimilated. It is well known that the 
level of illumination of a visual task influences the 
capacity of the visual system to assimilate informa 
tion, as do characteristics of the task such as the 
size and contrast of the “critical detail.” The prob 
lem is to find some index of the capacity to assim! 
late visual information for use in specifying the 
lighting requirements of various visual tasks 

The visual system is not usually a passive infor 
mation assimilator, but normally follows a complex 
adjustment procedure designed to extract informa 
tion from the environment. The eyes normally 
one point in the visual field, then the two 
hange accommodation and vergence so that 
images are produced in each eye and binocu 
During the fixa 


iIsion oO 


urs for the two eyes 
ional pause, information is assimilated from th 
visual field. This information directs the eyes to a 
new position in space, with appropriate signals 

ng sent to the oculomotor adjustment mecha 
nisms to insure appropriate accommodation and 
ergence changes. New information is assimilated 
this fixational pause which guides further 

justment of the oculomotor mechanisms, and so 
on. Under these conditions, the visual system is 
obviously a self-pacing servo-mechanism, the infor 


mation assimilation eapacity of which depends 

efficiency of the oculomotor mechanisms 

upon the characteristies of the task and 
luminous environment 

Records of eye movements during self-pacing in 

mation assimilation reveal that the eves do not 

an the visual field in a simple orderly manner 


en when the material is simply ordered. For 


example, eye movements in reading continuous 


prose do not proceed regularly across the lines of 
ads i the 


appropriate word order for the lan 


involved. Instead there are repeated glances 
at some words, and fixation skips over other words 
The skips are undoubtedly related to inferences 
which are drawn in some instances which make de 


tailed 


repetitious rlances are 


examination of some words unnecessary ; the 


presumably related to the 


Vision, The OF 
onducted while the 
ries. University of 
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Levels 


need for confirmation or assimilation of further 


information in other cases. The existence of these 


complex patterns of eye movements emphasizes the 


fact that the information assimilated by the visual 
system consists of many items which are complexly 
related and difficult to specify. 

Measurements of the detailed characteristics of 
dynamic patterns of eye movements during reading 
agree in demonstrating that the eyes usually pause 
for a duration of about 0.225 second. Ginsburg* 
has shown that the eyes usually make four fixational 
pauses of this duration per second during continu- 
ous reading. 

It is difficult to imagine reading through a pair 
of tubes which limit the field of view to a small 
zone immediately surrounding the fixational center. 
Thus, it seems apparent that information is assimi- 
lated from a sizable area of the visual field sur- 
rounding the fixational center during each fixa 
tional pause. 

Clearly, then, informational assimilation is a 
complex process during normal dynamic use of the 
eyes. We have no easy way to specify the amount 
of information assimilated, since we cannot define 
the usual meaningful visual material in unambigu- 
ous informational units. Even if we could define 
the total information extracted during a complex 
visual task, we would have no way of defining the 
amount of information extracted in a particular 
fixational pause. Thus the rate of visual informa 
tion-assimilation could not be specified independ- 
ently of the speed and accuracy of oculomotor ad 
jJustment processes. 

In order to specify lighting levels for various 
visual tasks, we need a quantitative index of visual 
capacity to assimilate information. It seems desir- 
able to begin by simplifying the problem by con- 
Under 


these circumstances, a controlled informational in- 


sidering the eyes to be incapable of motion 


put can be supplied and the information-assimila 
tion capacity measured unambiguously. The visual 
task must be capable of specification in terms of 
informational content. With this requirement in 
mind, a test object consisting of a luminous dise, 
presented on a background of generally uniform 
luminance, has been selected. When employing the 
test object, the observers are required only to indi 
eate whether or not the presence of the disc has 
been detected. They are not required to identify 
other aspects of the target such as its size, shape, or 
color. Awareness of the presence or absence of the 
dise may be considered to be one item of informa 
tion. (The term “bit” is avoided because of its 
precise significance in modern information theory ; 
we have no evidence that the information concern 
ing the presence or absence of our luminous dise 
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may be defined in this specific manner.) The num- 
ber of items assimilated per second is considered to 
measure the visual capacity, in units of assimila- 
tions per second (APS). 

In actual experimentation, the time during which 
the dise target is presented is varied. The capacity 
of the visual system to assimilate the information 
represented by the dise target is derived from the 
time during which the information had to be pre- 
sented for it to be assimilated. Thus, if the dise has 
to be presented for an entire second, the visual sys- 
tem is operating at a level of capacity correspond- 
ing to the assimilation of one item of information 
per second. If, on the other hand, the dise need be 
presented for only '/30 second, the visual system is 
operating at a level of capacity corresponding to 
the assimilation of 30 items of information per sec- 
ond. If the item of information can be assimilated 
in '/; second or less, then it will be possible for 
assimilation to occur within one fixational pause. 
If, however, more than '/, second is required for 
assimilation to occur, then the eve will have to 
spend more than one fixational pause assimilating 
the information. It may be considered extremely 
undesirable for a self-pacing servyo-system, such as 
the visual system, when the level of visual capacity 
is reduced so that the item of information cannot 
be assimilated within one fixational pause. Use of 
repeated fixational pauses may be expected to dis- 
rupt the ordinary dynamic information-assimila 
tion activity of the system 

A visual capacity to assimilate the item of infor- 
mation in less than '/; second presumably means 
that the system can assimilate more than one item 
during a single fixational pause. It is difficult to 
imagine how the servo-system can operate unless it 
assimilates a considerable number of items of infor- 
mation during each fixational pause. For example, 
in reading, the system requires considerable infor- 
mation during each fixational pause to direct the 
movements of the eyes and the oculomotor adjust- 
ment processes. 

[t is not at present possible to describe the infor 
self-pacing 


mation-assimilation activity of the 


visual system with any accuracy. However, studies 
conducted in the Vision Research Laboratories at 
the University of Michigan are suggestive in this 
connection. 

Recently W. C. Clark and the author* attempted 
to evaluate the number of items of information 
which the visual system can assimilate per second 
from a single point in the visual field. The experi- 
ment involved dise targets which consisted of two 
very brief pulses, separated by a longer interval 
The eves were motionless during the presentation 
of the targets. The pulses were each only 0.0025 
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second long, and the separation between them was 
varied in different experiments from 0.0040 to 
0.4750 second. 


required merely to detect the presence of the target 


In each case, the observers were 


and they were not required to recognize that two 
pulses had made up the target, much less to cor- 
rectly estimate the length of the interval separat- 
ing the pulses. The familiar temporal forced-choice 
method was employed, in which a target is pre- 
sented in only one of four possible temporal inter- 
vals, each of two seconds duration. The observer 
had to indicate that he had discriminated the pres- 
ence of the target by correctly identifying the 
interval in which it appeared. The contrast of the 
double-pulse target was varied from trial to trial 
and the accuracy of correct identification recorded. 
The contrast was determined at which the target is 
detected 50 per cent of the time, after correction 
for chance successes; this quantity is known as the 
threshold contrast. 

The threshold contrast was measured for a num- 
ber of different double-pulsed targets. It was found 
that when the two pulses were sufficiently close to- 
gether in time, the threshold contrast was precisely 
one-half that which was required for one of the 
pulses. Thus, a single- and a double-pulse target of 
equivalent total energy are equally detectable. The 
existence of perfect temporal summation, as this is 
called, implies the absence of temporal resolution. 
(The situation is parallel to the more familiar situ- 
ation in the spatial dimension, in which perfect 
spatial summation is revealed whenever two targets 
of different size but the same shape have equal 
total energy thresholds. As reported elsewhere® the 
presence of perfect spatial summation implies the 
absence of spatial resolution or visual acuity.) 
Perfect temporal summation was found whenever 
the double-pulses were separated by less than 0.02 
second. As the temporal separation between the 
pulses was increased, the contrast required for de 
tection increased continuously until, when the 
separation was 0.05 second, the threshold for the 
double-pulsed target was the same as the threshold 
for a target consisting of only one of the pulses 
This situation revealed that there was no temporal 


When the tem 


poral interval between the two pulses was increased 


summation between the two pulses 


beyond 0.10 second, there was a small reduction 
in threshold contrast. This reduction may be eX 
plained quantitatively by assuming that the visual 
system succeeds in detecting the presence of the 
target whenever it detects the presence of either of 
the two pulses. Thus, the two pulses improve target 
called probability 


detectability by what may be 


summation. This suggests that the visual system 


Infor 


is capable of re-cycling every 0.10 second 
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mation assimilated in one brief cycle is separated 
from the information assimilated in a second brief 
cycle 

It is worth noting that clearly visible double 
pulse targets in which the two pulses are separated 
by 0.10 second are usually seen as double. Thus, 
there are two rather different bases for believing 
that the visual system can resolve two items of in 


formation at the same point in space in '/; second, 


providing there is at least '/,;) second separating 
them. These data suggest that the visual system 
can assimilate two items of information from one 
point in space within the time usually devoted to a 
fixational pause. Since in self-pacing ocular activ- 
ity there are normally four fixational pauses per 
second, it seems reasonable to suppose that at least 
eight items of simple information can be assimi- 
lated per second at a single point in the visual field. 
The fact that the human can recognize the presence 
of light flicker at rates up to 50 cycles per second 
ertainly suggests that the visual system is capable 
of assimilating a great deal more than eight items 
of simple information per second, even from one 
location in the visual field. Of course, the sueces- 
sive items of information represented by the flick- 
ering light are not independent, and it is not 
possible for the human to determine the number 
of pulses per second beyond approximately 10 per 
second 

Another staff member of the Michigan group, 
E. R. Harcum, has recently reported the number 
of items of information which can be assimilated 
from different parts of the visual field, within the 
duration of a normal fixational pause. The eye was 
motionless for these studies, and spatial arrays of 
information were presented, consisting of multiple 
elements each of which could have one of two pos- 
sible forms. These “binary” elements were used so 
that the target arrays would not have any mean- 
ing to the observers, in order to avoid ambiguities 
as to the amount of information actually assimi- 
lated. Provided the task elements had _ sufficient 
contrast and the general level of luminance was 
sufficient, arrays of information consisting of 8-12 
elements could be correctly recognized. This means 
that the capacity of the visual system must be at 
least 10 items per fixational pause, or 40 items in 
the four fixational pauses the system normally 
makes per second 

The data of these studies suggest strongly that 
the visual system seans across space over time, so 
that first one and then another point in space is 
“interrogated” by a neural mechanism in the brain. 
The scan is repeated perhaps as many as 10 times 
per second. Thus, during a fixational pause, the 


entire visual field may be scanned at least twice 
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Le we ls 


with items of information being assimilated from 
various points in visual space during each neural 
scan, 

It is not entirely justifiable to combine the Clark 
and the Harcum results quantitatively to evaluate 
the total number of items of information which can 
be assimilated from all portions of the visual field 
in a second. Direct use of both sets of data would 
suggest that at least 80 items of information can be 
assimilated per second. Of course, items of infor- 
mation may interfere with each other, thus reduc- 
ing the total informational capacity. On the other 
hand, items may be related to each other in such a 
way that the informational capacity will be greater 
than the value suggested by these studies. Precise 
evaluations of the information-assimilation charac- 
teristics of complex time-space arrays of informa- 
tion must await further research. However, it 
would not seem unreasonable to suppose that the 
visual system can assimilate 30 simple items of 
information per second. In continuous reading, for 
example, surely the system extracts at least eight 
items of information during each fixational pause. 

There is one further aspect of this conception of 
If the 
eyeball remains fixed and an object moves rapidly 


the visual system which deserves mention. 


across the visual field, the object is known to be 
more visible than if it had not moved. We believe 
that the visual system has auto-correlation sensi- 
tivity, so that regular time-space sequences, such 
as those produced by an object whose image moves 
across the retina, are unusually detectable. This 
aspect of the system is probably produced by the 
existence of spatially interconnected elements of 
the visual system. 

There will usually be sufficient information pres- 
ent in the visual field so that the visual system can 
work at maximum capacity without assimilating 
all the information present. However, situations 
will occur in which the information is reduced to a 
level where the system cannot work at maximum 
capacity. It is, of course, a simple matter to pro- 
duce conditions in the laboratory in which there is 
a severe limitation on informational content. Con- 
sider, for example, the situation in which a disc 
target is presented on a background field of other- 
wise uniform luminance. If the observer is re- 
quired merely to detect the presence of the disc, we 
may limit the informational content to one item 
and we may prolong the presentation of the dise as 
long as we wish without adding information. Thus, 
presentation of a dise for a full second represents 
restriction of informational content to one item 
per second, which must certainly be considered a 
level of information far below the maximum ca- 
pacity of the system. The item will usually be 
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assimilated during a single fixational pause, and 
there will be no further information gained during 
the next three fixational pauses which will nor- 
mally be made during the one-second exposure of 
the dise. Under these circumstances, it is as though 
It is 
possible, of course, to reduce the visibility of the 


the information-assimilation system is idling. 


dise by reducing either its size or contrast until the 
dise will not be detected in less than a full second. 
Under these circumstances, we may surmise that 
all four of the fixational pauses to be expected dur- 
ing the one-second exposure of the target will be 
used for examination of the expected location of 
the dise. Studies by Clark and the author* suggest 
that dise targets exposed for durations longer than 
*/s second are visible due to the probability sum- 
mation mechanism described above, with separate 
fixational pauses representing the separate statis- 
tical events needed for this mechanism to operate. 

Visual performance may also be limited by the 
requirement that a non-visual motor response be 
performed as an essential element in the informa- 
tion-assimilation sequence. For example, in some 
assembly-line inspection tasks, there is a sequence 
involving visual scanning of the objects to be seen, 
followed by some selective action with respect to 
the objects seen. The inspector may be required, 
for example, to reach out and remove objects which 
do not meet production standards. No matter how 
efficiently the inspector arranges his sequences of 
searching and removing, his capacity to assimilate 
information from the objects to be inspected may 
be reduced by the requirement that he respond 
appropriately to the objects being examined. This 
situation is to be contrasted with that encountered 
in continuous reading, in which the information 
may be assimilated as rapidly as the visual infor- 
It will be 
of interest, perhaps, to note that the performance 
data of Weston? 
under conditions in which there was an obvious 


mation-assimilation system can operate. 


represent visual performance 


response limitation. The observers had to cancel 
certain broken circles when they were seen. The 
inclusion of this non-visual motor response in the 
sequence of activities being studied undoubtedly 
had the result that the observers were unable to 
perform up to their maximum capacity to assimi- 
late information. 

There are different types of non-visual motor 
response requirements of visual tasks which will 
limit visual performance to various extents. For 
example, there are instances in which the observer 
will have to stop assimilating information com- 
pletely until the motor response has been per- 
formed. Weston’s task is probably of this type. 
Many inspection tasks, however, do not require 
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that information-assimilation be completely stopped 
while the non-visual motor response is made. For 
example, it is often possible for the inspector to 
continue examining additional objects while he 
takes the requisite action with respect to an object 
which has already been examined. This can be 
accomplished whenever the non-visual motor re- 
sponse can be made without guidance by foveal 
vision. The selection of choice peaches from among 
large numbers of such fruit spread out on a moving 
belt is an example of an activity in which the non- 
visual motor response can be accomplished without 
foveal guidance once the select peaches have been 


located by foveal viewing. 


II. LABoraTORY PERFORMANCE DATA FOR 
STANDARD Disc TARGETS 

The analysis of the preceding section has de- 
scribed the visual information-assimilation process 
and has introduced the concepts of visual capacity 
to assimilate information, informational limitation, 
and response limitation. This analysis has suggested 
the desirability of “freezing” the eye so that the 
basic capacity of the visual system to assimilate 
information may be studied without involvement 
of the speed and accuracy of the ocular adjust- 
ment mechanisms of accommodation and vergence. 
In studying visual information assimilation, the 
capacity of the visual system needs to be investi- 
gated both when there is an informational limita- 
tion and when there is not. Response limitations 
on the capacity of the visual system should not be 
present. Visual capacity needs to be investigated 
at various luminance levels, for various simple 
visual tasks in which the informational content can 
be clearly specified. 

Laboratory studies have been conducted since 
1950 to provide the requisite basic performance 
data. The target consisted of a luminous disc, pre- 
sented against an extended background of other- 
wise uniform luminance. Both target and back- 
ground were “white light” of about 2850K color 
temperature. The observers were required to de- 
tect only the presence or absence of the disc, and 
were not required to report on other attributes of 
In differ- 
ent series of experiments, the duration of the tar- 


the targets such as size, shape, or color 
get presentation was varied from '/,999 second to 
1 second, and the angular diameter of the dise was 
varied from about 1 to 60 minutes of are. In each 
series of experiments, the background luminance 
was varied from zero to several hundred footlam- 
berts. In each experiment, the visibility of the 
target was varied and an accuracy curve obtained. 

Selection of the dise target was based on a num 
ber of considerations. It can be argued that the 
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ple brightness discrimination involved with this 
test object is the most basic discrimination, upon 


which other more complex discriminations are 


based. The information contained in the target can 
be confidently specified as a single item, since the 
nly choice open to the observer is whether the 
target is present or absent. The target may readily 


be varied in difficulty over a range from easy to 
most difficult 


shown that the accuracy data obtained with this 


Finally, previous experiments have 


target are easily handled by standard statistical 


ethods 

The basic experiments were conducted between 
1950 and 1952 and are reported fully elsewhere.’ 
Series of experiments were conducted at exposure 
durations of | o, 3/s0. 1/100, */se0, and */1000 
second. In each series, dises were studied with 


diameters of 0.802, 3.20, 12.8 and 51.2 minutes 
Rackground luminance was varied from zero to 
100 footlamberts in each series. Two well-trained 
observers made a total of 81,000 observations in 
experimental sessions lasting more than 12 months 

he basic task of the observers may be deseribed 


briefly as follows 


- ‘ obse rvers were se ated before the open face 


of a lighted cube 


as shown in Fig. 1. College stu 
dents with entirely normal eyes were employed 
They used normal binocular vision throughout the 
experiments. The cube was illuminated by frosted 
incandescent lamps arranged around the square 
aperture in the face of the cube at locations not 

sible to the observers. Direct illumination from 
these lamps fell upon the wall of the cube opposite 
om the observers, which served as the observation 
en was approximately uniform in 


tions 


least 30 degrees in all dire 





Figure 1. Observers seated in the basic laboratory test- 
ing room. The observation screen may be varied in 
luminance. The standard dise target is produced by 


transillumination of the screen from behind. 
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Figure 2. Projection apparatus and timer used to 
produce the standard dise targets. 


rom the center, which was indicated by a diamond 
configuration of four orientation points clustered 
around it. Since the walls of the cube were coated 
with sphere paint, there was a considerable amount 
of diffuse illumination of the screen from the walls 
of the cube. The luminance of the sereen was 
varied among experiments by varying the number 
and wattage of incandescent lamps. For very low 
luminances, special diffuse light-boxes were used 
with provision for the insertion of neutral absorb- 
ing filters to reduce the luminance of the sources 
without altering the geometry of illumination 

The dise targets were produced by transillumi 
nation of the center of the observation screen, 
which consisted of a paper-thin translucent plastic 
coated with a very thin layer of sphere paint to 
reduce surface gloss. A special projector was used, 
as shown in Fig. 2, which consisted of an illumina- 
tion system and a mechanical sector-wheel timer 
The duration of the target pulse was determined by 
the size of an opening in the sector wheel. The 
size of the luminous dise was determined by the 
size of the aperture in a metal plate pressed against 
the rear of the screen. The luminance of the dise 
was adjusted by neutral absorbing filters mounted 
in the projection beam. Following the convention 
established by the author in 1946° contrast is de- 
fined by : 
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in which B, luminance of the target: and B = 


luminance of the background. In the present case 
in which the target is brighter than its back- 
ground : 


AB 
B 
the luminance increment produced 
The value of C 


tween zero and infinity. 


in which AB 
by transillumination. varies be 

Observations were made by the temporal forced- 
choice psychophysical method.’ With this method, 
the observers are required to indicate when they 
can detect the presence of a target by correctly 
identifying the temporal interval, of four possible 
intervals, in which it may have occurred. The ob 
servers are required always to select the most likely 
interval even when they are not confident of the 
correctness of their choice. In the present experi 
ments, the temporal interval occupied by the tar 
get, and the precise luminance increment of the 
dise target were controlled by mechanical and elec- 
trical components of an automatic presentation 


equipment.” The scheduling of target presenta 


tions, and the recording of responses from the 
observers were accomplished by the timing equip 


ment and relay racks shown in Fig. 3. Each ex 


perimental session consisted of 250 presentations 
of the target, 50 at each of the five values of target 
contrast ‘ 

The observers were given full knowledge of the 


size and duration of the target and of the moment 





Figure 3. Automatic apparatus used to control the 


presentation of the standard dise targets and to 
record the responses made by the observers. 


JUNE 1959 


Specification of Interior Illumination Levels 


Percentage 
Py 
° 


Accuracy 
n 
= 
a = T - 





eo ee 
ie) 2 4 6 8 Lo 12 


Relotive Torget Controst 


Figure 4. Sample accuracy curve: Response probability 
data fitted by a normal ogive. 


during each temporal interval when the target 


would occur. Since the target was always pre 
sented in the precise center of the configuration of 


also had full 


knowledge of where the target would appear. 


orientation points, the observers 
It is to be emphasized that the observers became 
very proficient in using the foreed-choice proce- 
dure through extensive practice, and were able to 
detect the presence of targets of exceedingly small 
contrast 
The basic data recorded were the number of 
times each observer correctly identified the interval 
occupied by the target for each of five values of 
target contrast for a given set of conditions of tar 
get size, exposure duration, and background lumi 
nance. These data were analyzed in terms of the 
probability of correct response, p Then, correction 
was made for the presence of correct responses due 
to guessing by the relation 
p — 
O40 


in which p’ corrected proportion; and p raw 


i 


proportion. The relation between p’ and _ target 


contrast is described by a normal ogive under all 


10 


conditions The appearance of a sample set of 
data is illustrated in Fig. 4, in which percentage 
accuracy refers to values of p. The solid curve 
drawn through the data points is a suitable normal 
ogive. The range of values of target contrast which 
result in less than 100 per cent and more than 0 
per cent accuracy is known as the threshold range 

The process of data analysis consisted of fitting a 
normal ogive to the set of experimental values of p’ 


obtained by each observer in each single 
11 


experi 
mental session by the probit analysis."’ This analy 


sis of each set of data yields the following 
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(=the contrast corresponding to p = 0.5 


o = the standard deviation of the ogive 


VR=e/C 


oi standard error of C 
u standard error of @ 
oy; standard error of VR 


The value of c represents the threshold contrast, 
the index of discrimination normally reported in 
psychophysical studies of this sort. The value of 
VR represents the change in contrast required to 
represent different accuracy levels with respect to 
50 per cent aceuracy level represented by the 
threshold. We will have occasion to utilize an 
aceuracy level of 99 per cent for specification of 
lighting levels to provide adequate visual perform- 
ance, since no one is interested in an accuracy 
level of 50 per cent in everyday seeing. The method 
of converting data from an accuracy level of 50 
per cent to a level of 99 per cent will be discussed 
subsequently. As reported in the 1952 paper,’ the 
value of VR was found to vary significantly as a 
function of target duration. Thus, when we wish 


to express our data at different accuracy levels, 


this variation in VR must be taken into account. 

The raw threshold data are reported fully in 
graphical form in Figs. 2-8 of the 1952 paper 
There is a separate graph for each of the seven ex 
posure durations. In each graph, there are four 
urves relating threshold contrast to background 
luminance. one for each of the four target sizes 
The raw data are shown, and empirical curves 
fitted through the data for purposes of identifying 
the general form of the relations found among the 
experimental variables 

Examination of the data points presented in the 
1952 paper reveals that, in spite of the substantial 
number of experimental observations, there is con 
siderable latitude in the shape of the curves which 
may be fitted through the points. Accordingly, con- 
siderable effort was devoted to the development of 
smooth curves to represent the functional relations 
more adequately than do the raw data. Considera 
tion was given to the possibility of using simple 


analytical funetions to deseribe the relations be 


tween threshold contrast and background lumi- 
nance, since these relationships are directly related 
to the lighting specification problem, a procedure 


Moon and Spencer.’ 


utilized some years ago by 
This su 


is good reason to believe that the relations between 


rvestion Was finally rejected because there 
threshold contrast, C, and background luminance, 
B, obtained under our experimental eonditions ean 
not be described by simple analytical functions. It 


remembered that our observers utilized 


is to he 


39 Specification of Interior Illumination Levels 


normal viewing with natural pupils. Thus, as B 
was varied, the pupillary area varied due to the 
photo-pupillary response. Not only does pupillary 
area influence the illumination falling on the 
retina, affecting visual performance, but changes 
in pupillary area also influence the effectiveness of 
illumination due to the well-known Stiles-Crawford 
effect. It is entirely apparent that the effect of B 
upon C cannot be expected to be a simple analytical 
function under these conditions. It may also be 
argued that the effect of B upon C may not be 
described by a simple analytical function even 
when a fixed pupil is used. The value of B presum- 
ably influences the concentration of photosensitive 
pigment which in turn influences visual perform- 
ance by altering the effectiveness of the pigment in 
converting incremental light quanta into inere- 
mental neural impulses. In addition, the value of 
B influences the steady state neural noise in terms 
of which the neural incremental signal produced by 
the incremental light quanta must be discriminated. 
There is no reason to expect these two processes to 
be describable by a simple analytical function. In 
fact, careful measurements by Bouman™ with a 
fixed pupil reveal that C and B are not related by 
a simple analytical function at all, but are related 
by a complex function which is not at all smooth. 
Thus, there appears to be no possibility of fitting 
smooth curves of € versus B to the data, unless we 
are prepared to do marked violence to the data. 
Fortunately, there is a functional relationship 
which can be shown to be described by a simple 
analytical function which provides a rational foun- 
dation for data smoothing. This is the relation be- 
tween dise diameter, a, and (, for riven conditions 
of exposure duration and background luminance. 
As discussed in detail elsewhere,'* C may be related 
to angular dise diameter, a, by an element contri- 
bution function. This function predicts the condi- 
tion that a?C@ = K for values of a small with respect 
to image blurring on the retina. At larger values 
of a, C decreases continuously with increases in a, 
but at a rate progressively less than the rate im- 
plied by the condition that a?('=K. The element 
contribution function is a reflection of known spa- 
tial summative mechanisms in the visual system. 
The smoothing of the relations between @ and a 
for each set of values of exposure duration and 
background luminance has been described in detail 
in the 1955 paper? and need not be repeated here 
We need only remark that contribution functions 
were found which fitted each set of data adequate- 
lv. Changes were needed in the parameter of the 
contribution function for different values of lumi- 
nance and exposure duration. It was required, 
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TABLE I — Smoothed Values of Log Threshold 
Contrast: Original Experiments. 

a Log B (fL) 

.00 —I, 


(minutes) 2.00 1.00 00 —2.00 — 3.00 


1 798 631 256 i76 1.27¢ 2.276 
2 1.400 1.233 858 226 674 1.674 
4 1.892 1.743 1.400 777 12 1.123 
10 2.064 -—1.958 —1.746 -—1.179 —.279 721 
6 2.128 —2.057 —1.960 —1.506 606 394 


t = '/s second 


1 639 —.502 —.139 466 1.331 2.326 
2 1.241 1.104 ~.741 ~.136 729 1.724 
4 1.750 —1.613 —1.287 —.687 178 1.173 
l 1.979 1.85 1.665 1.111 246 749 
60 2.127 —2.039 1.952 1.469 604 391 
t = 4/w second 
l 461 —.236 140 -764 1.629 2.616 
2 1.063 —.838 462 162 1.027 2.014 
4 1.581 1.375 1.010 401 464 1.452 
10 1.835 —1.704 1.420 889 024 964 
60 2.028 =-1.943 -—1.786 1.407 i2 446 
t 1/99 second 
1 170 ’ 4 1.18 2.032 3.027 
2 72 —.505 —.068 580 1.430 2.405 
4 1.287 1.051 622 29 879 1.854 
l 1.576 1.428 —1.061 473 77 1.352 
6 1.835 1.773 —1.511 —.989 139 836 
t = 4/10 second 
l 282 542 1.012 1.712 e $2 482 
2 320 060 410 1.110 1.930 2.880 
4 —.835 —.604 —.145 543 1.363 2.313 
i 1.117 —.988 —.594 049 869 1.819 
6 1.414 —1.357 —1.068 461 9 1.309 


however, that these parameter changes be regular 
with respect to both luminance and duration, a 
rather stringent requirement. It was further re 
quired that plots of C versus exposure duration be 
smooth for various values of B. Meeting all these 
requirements left very little latitude in the data 
smoothing process, and led to curves relating C to 
B which were smooth, although by no means sim- 
ple analytical functions. 

Data which resulted from the smoothing process 
are presented in Table I. Data for exposure dura- 


l/joo Second are not included, 


tions of 1/309 and 
since our analysis of visual capacity in Section I 
suggested an upper limit of less than 100 APS for 
Also only data for the five 
I 


other values of target size are included in the tables 


normal use of the eyes 


Data for a number < 


target sizes are included 


presented in the more complete report of these ex 
periments.’ The data obtained in the smoothing 
process represent the most adequate form of the 


When 


ever the present tabular data disagree with raw 


experimental data first reported in 1952 


data points or the empirical curves presented in 
the 1952 paper, the present data should be utilized. 
Incidentally, the tabular values presented here for 
the first time were utilized in constructing the 
curves contained in the 1955 paper. 

During 1956 and 1957, additional experiments 
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were performed to verify the form of the relation- 
ships between C and B, in the crucial range above 
0.1 footlambert luminance, and to extend the data 
to somewhat higher values of luminance than were 
originally studied. The apparatus and procedures 
utilized were identical with those used in the earlier 
experiments. The original observers were no longer 
available. Six new college student observers with 
normal eyes were utilized in various of the experi- 
ments, following a moderately extended training 
with the forced-choice procedure. These exper!- 
ments were conducted by Stanley W. Smith of 
the Michigan staff, who also served as one of the 
observers 

Series of experiments were conducted at each of 
three exposure durations: 1, 10, and 100 second ; 
these durations were considered to cover the entire 
range of interest in connection with the specifica 
tion of interior lighting levels. At each duration, 
five disc diameters were studied, as follows: 1, 2, 4, 
10 and 60 minutes of are. These values of target 
diameter were selected to be the same as those for 
which smoothed data were presented in Table | 
Background luminance was varied in each series 
from about 0.1 to 300 footlamberts. The same 
group of four observers was used in all the experi 
ments in a given series, but it was necessary to use 
different groups of observers in different series 

The results of these experiments are presented 
in Figures 5, 6 and 7 for 1, '/so, and 
Although the data 


100 second 
exposure durations respectively 
never extended to luminances greater than 350 
footlamberts, smoothed empirical curves have been 


fitted to the data which extend up to 3160 footlam 


ie : : 
berts. While this may seem to be a considerable 
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Figure 5. Threshold contrast data from the 1956-1957 


experiments for a one-second duration. Each curve 
represents a standard dise target whose diameter is indi- 


cated in minutes of arc. 
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data presented in Table I above, to background 





t+ Yio secens 
SOCSAVERS: ONS, UR, C8, 08 ash tga luminances up to 3160 footlamberts. The method 
involved determining the relative changes in (’ as a 
function of B beyond the 100-footlambert upper 
limit of the original data, and using these relative 
. changes to extrapolate the data from the original 
: . study to higher luminances. Values of the log 
F > « (mmees) threshold contrast, relative to the value of B 100 
F ¥ footlamberts, are presented in Table II for each of 
, “ . the five dise sizes, at each of the three exposure 
‘T 4 ” : durations. When these values are added to the 
: . . s values of log threshold contrast presented in Table 

mI . éo I, we have the extrapolated data for higher lumi 

‘ 1 ‘ 1 1 = nance level for the three exposure durations 

5 Caen Wamenee tt) . studied in the new experiments. It is possible, of ° 


. o- ~-- course, t ter i -] + ec > al Ss "PS >( 
Figure 6. Threshold contrast data from the 1956-1957 cure om erpol ite between the values presented 


experiments for a 1/10-second duration. Each curve in Table II, for intermediate values of exposure 


represents a standard dise target whose diameter is indi- duration. Such interpolations were made for expo- 
cated in minutes of are, sure durations of '/; and '/s9 second and are pre 
sented in Table ITI. 

xtrapolation of the experimental data, it would This procedure involves extrapolating the data 
ir from the figures that the extrapolations ar on the original two observers to higher luminance 
kely to be grossly inaceurat: levels, based upon the form but not the absolute 
Comparison of these data with the data pre- values of the threshold data obtained with the six 
sented in the 1952 paper reveals that the func- observers used in the more recent studies. This 

ial relations between C and B are quite similar 


n the two series of experiments, as are the absolute 


ilues of C obtained at each value of B. (In making TABLE Il — Relative Log Threshold Contrast Values 
these comparisons, allowances must be made for the for High Background Luminance Levels. 
a fT rent \ ilues Ot a involved itl the two studies 


: r inut 
lhe present data f xhibit conside rably less variabil Log B (fL) r ‘aeons ~ 10 60 


ibout the smooth curves fitted through them, as 


; — t 1 second 
vould be expected from the use of four rather enn pee 000 
han two observers is 048 —.039 
. 147 121 059 00 
l) ew data were used to extend the original 202 —.154 —.064 000 
t == '/w second 
) Oot 000 000 
102 095 07 2 
T+ Koo econ 194 177 12¢ 4 j 
2 47 1 122 
Sseevers SoS. €0, 44.8 s0% accuRACY 
t = ‘/we second 
. 000 J 
140 1 1 
2 —.251 165 ‘1 
. 422 33 22 1 
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5 ol . rABLE Ill — Relative Log Threshold Contrast Values 
se . 2 for High Background Luminance Levels. 
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Figure 7. Threshold contrast data from the 1956-1957 ia 000 ann one 
experiments for a 1/100-second duration. Each curve 2.50 128 118 —.082 048 20 
represents a standard dise target whose diameter is indi- aan a ss aan 
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cated in minutes of arc, 
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Figure 8. Smoothed threshold contrast curves for a one- 
second duration. Each curve represents a standard disc 
target whose diameter is indicated in minutes of arc. 


Figure 9. Smoothed threshold contrast curves for a 1 3- 
second duration. Each curve represents a standard disc 


target whose diameter is indicated in minutes of arc. 
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Figure 11. Smoothed threshold contrast curves for a 
1/30-second duration. Each curve represents standard 
dise target whose diameter is indicated in minutes of 


are. 
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procedure is necessitated by the fact that there are 
not sufficient data on any other observers under 
enough different experimental conditions to be use 
ful. The fact that the data were not combined 
without regard to the specific observers involved 
in each set implies that the different observer 
groups gave data with somewhat different absolute 
values. The observers used in the 1956-57 study 
gave higher thresholds, a fact which is probably 
attributable to the fact that they had undergone 
considerably less training in the forced-choice 
procedure than had the two observers utilized in 
the original experiments. 

The results of our manipulations of the data 
from the two studies consist of functional relations 
between ( and B for the five exposure durations 


These are shown graphically in Figs. 8-12. These 
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Figure 10. Smoothed threshold contrast curves for 1/10- 
second duration. Each curve represents a standard disc 


target whose diameter is indicated in minutes of arc. 
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Figure 12. Smoothed threshold contrast curves for a 
1/100-second duration. Each curve represents a standard 
dise target whose diameter is indicated in minutes of 


are. 
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final form of the laboratory visual 


data which will be used to provide 
the method of specification of lighting 


al tasks 


ELD FACTORS 


be apparent from the description of 
er which the laboratory perform- 
ined that very favorable condi- 
observing. The observers were 
using the forced-choice psycho 

they had extraordinarily com- 
formation about the target, and 
an adequate time in which to 
with the target and to 
These 


visual per 


sight 
odation and vergence 
extraordinarily fine 
example, we may compute from 
eshold contrast was 0.0073 for a 

lise presented at high luminance for one 


on parable data reported by the author 


al that similar laboratory observing 
rive a threshold contrast value of 0.0028 
minute dise presented at high luminance 
vl of from 8-10 seconds. These values are 
smaller than values customarily assigned to 
limit of threshold contrast, the value of 
a common value for example in the field 
visibility. Clearly, it would be inappro 
ilize these data directly as a basis for 
ighting to provide adequate visual per 
under the less ideal conditions of every 
The basic approach has involved study 
effects of the various differences between 
onditions employed in the laboratory and 
jose normally encountered in everyday use of the 
es, so that “field factors” can be developed to use 
n interpreting the laboratory data for practical 
problems 
A number of studies have been conducted since 
1950 in which single variables differing between 
laboratory and everyday seeing have been studied 
The results of these studies will be summarized to 
provide a basis for adopting reasonable values to 
use for field factors in applying the laboratory 
data reported in Section II to the problem of light 
ing specification 
Two separate experiments were concerned with 
what might be called the observing criterion. These 
experiments have been reported fully elsewhere'® 
in another connection, so that a brief summary 
should suffice 
The first experiment involved comparing detec 
tion probabilities obtained with the forced-choice 
with those obtained with the “yes-no” 
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method, in which the observers indicated by “yes 
or “no” whether or not they had detected the pres- 
ence of the target. Data were obtained on four un- 
These 


utilized the forced-choice and the “yes-no” 


usually experienced observers. observers 
proce- 
dures alternately from day to day in a series of 


daily 
months. The target and 


experiments extending over more than 10 


background conditions 
were maintained constant during this period so 
that these observers had a staggeringly large 
amount of experience with this one detection situa- 
tion. The general luminance was 4.71 footlamberts. 
The target subtended 18.5 minutes of are, and was 
presented always seven degrees from the line-of- 
sight for about 0.072 second. 

These observers had every opportunity to de- 
velop confidence in their forced-choice responses 
and to attach the verbal symbol “yes” to the ex- 
periences of dim and vague targets which led to 
Under 
ditions, the difference between the probabilities of 
and the 


On the aver- 


correct forced-choice responses these con- 
detection obtained with the forced-choice 
“ves-no” methods should be minimal 
age the threshold contrast was 1.20 times as large 
with the “yes-no” method as with the foreed-choice 
method 

The second experiment involved an evaluation of 
the extent to which the probabilities of detection 
with the “yes-no” procedure improve with practice 
For this purpose, data were obtained under some 
what different experimental conditions on an en 
tirely different group of observers. A group of 70 
observers was used in several series of experiments 
in which different methods of training were evalu- 
ated. In all cases, a point source target was em- 
ployed in known location on the line-of-sight. The 
exposure duration was 1.5 seconds. Background 
luminance varied in the different experiments from 
17.9 to 18.7 footlamberts. 

Each observer was introduced to the experimen 
tal situation with a set of instructions intended to 
elicit what might be called a “common sense cri- 
The observers were told: “We 


terion” of seeing. 
are going to turn on a light from time to time. If 
you see a light, say ‘yes.’ If you don’t, say ‘no’.” 
We did not inform the observers that we were 
presenting blank trials to evaluate their criteria.) 


If the observers asked, “How will I know?” we 


” 


told them: “Oh, you'll know when you try it. 


These instructions were intended to keep the ob- 


servers as naive as possible and to prevent them 
from developing a laboratory frame of reference. 

Subsequently, these observers were divided into 
groups which were given different instructions and 
training. Some of these led the observers to im- 
prove their detection probabilities a great deal 
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more than others. In order to assess the relation 


between the common sense criterion and the usual 


laboratory criterion, we have compared the results 


of all the observers in the initial experimental ses 
sion with results from the observers who utilized 
the most effective regimes of instructions and train 
ing. Large enough groups of equivalent observers 
are involved so that this comparison is not serious 
ly affected by sampling differences. It was found 
that, on the average, the initial “yes-no” threshold 
was 2.00 times as large as it was after practice. 

We may safely assume that the four highly ex 
perienced observers who participated in the first 
experiment were at least as effective in using the 
“ves-no” method as were any of the groups used for 
the much shorter time periods of the second experi 
ment. On this basis, we can assume that the con 
trast threshold for naive observing with the “yes 
no” method is at least 2.40 times as large as the 
threshold obtained by skilled observers utilizing 
the forced-choice method 

Common sense seeing is still seemingly quite 
different from laboratory observing, even when the 
“ves-no” method is used without practice. Common 
sense seeing does not usually occur in the thresh 
old range where targets are sometimes seen and 
sometimes not seen. Of course, we can make quan 
titative corrections for different levels of accuracy 
and as noted above, in practical use of performance 
data, an accuracy level of 99 per cent is to be used 
We may wonder to what extent common sense see 
ing is equivalent to laboratory observing at an 
accuracy level of 99 per cent. It would seem reason 
able to suppose that the contrast threshold for com 
mon sense seeing would be still higher than the 
laboratory threshold, even for 99 per cent accuracy 
It is, therefore, undoubtedly conservative to utilize 
a contrast multiplier of 2.50 to take account of 
the criterion difference between common sense see 
ing and laboratory performance with the forced 
choice method 

The necessity for developing a conversion factor 
to correct our data from the criterion represented 
by the forced-choice psychophysical method to that 
of common sense seeing might suggest the desir 
ability of having conducted our performance 
studies with a common sense criterion in the first 
place. Evidence reported elsewhere’ indicates that 
the forced-choice procedure is a very desirable one 
for use in systematic and prolonged experimental 
work because of its reliability and independence 
from the effects of irrelevant psychological vari 
ables. Use of a common sense criterion makes re 
peatable data very difficult to obtain, since the 
observers are unduly influenced by their own opin 
ions and by suggestions others make to them during 


the experiments 
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A second important aspect of the difference 


between laboratory observing and commonplace 
seeing concerns the fact that the laboratory ob- 
servers were able to direct their line-of-sight at 
precisely the location to be occupied by the target, 
and were able to adjust their ocular accommoda- 
tion and vergence for optimal seeing. In a real 
sense, the visual field utilized effectively by the 
laboratory observers was reduced almost to a single 
point in space. In normal use of the eyes, thers 
must be a considerable “receptive field” within 
which objects are visible, both because an observer 
cannot align his eyes exactly with an object of 
interest, and because a fairly sizable receptive field 
is necessary for sensory guidance of ocular accom- 
modation and vergence. Even when an observer 
knows precisely where to look for an object, he nor 
mally has to move his eyes from point to point in 
visual space. The necessity for eye movements 
implies that objects must be visible off the line-of 
sight, as well as on the center of fixation. It is not 
possible to evaluate precisely how large a receptive 
field is needed to promote sensory guidance for 
ocular accommodation and vergence, nor is it pos 
sible to specify how precisely an observer will 
normally be able to direct his line of sight. How 
ever, it would not seem unreasonable to requir 
that the receptive field should normally extend two 
degrees in every direction from the fixation center 

In this connection, information is needed to di 
termine how much greater the threshold contrast 
must be for an object to be visible two degrees from 
the fixation center, as well as at the fixational 
center 

Moldauer and the author’? have recently r 
ported a series of studies of the threshold contrast 
for targets presented in various locations with rv 
spect to the fixational center. The apparatus and 
procedures described in conjunction with the basic 
studies of visual performance in Section II were 
used with a few minor modifications. Provision was 
made that the orientation points could be moved 
with respect to the location of the target at the 
center of the observation screen. Thus, visual pet 


formance could be studied when the target was 


presented various distances away from the line of 


sight. A luminous dise target with a diameter of 
one minute was used throughout, and the exposurs 
duration was '/,;9, second. At each of nine back 
eround luminance levels, studies were made of the 
threshold contrast both at the center of fixation, 
and at distances away from the fixational center 
measuring up to 12 degrees, along various merid 
ians of the visual field. The luminances studied 
were 75 footlamberts, 1 footlambert, and seven 
values below .1 footlambert 


The relation between threshold contrast and dis 
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Figure 13. Threshold contrast data for a one-minute 


diameter dise target viewed at various distances from 
the fixational center. 

fixational center, obtained at a 75- 

ekground luminance, is shown in 

this luminance level is most appro- 

ur consideration here. It is apparent 

ontrast threshold increases rapidly as the 

en is separated from the line-of-sight. 

erease the receptive field over which 

nay be seen, we must increase the con 

a factor which represents the ratio of the 

mtrast for objects viewed at the edge 

receptive field to the threshold con 

ts viewed on the light of sight. Sam 

this factor read from the curve in 

esented in Table LV. It is apparent 

providing a reasonable receptive field requires 

onsiderable increase in task contrast over the 

vhich suffices when the object of interest 

be seen at a single point in the visual 

basis of the assumption made earlier 

field of two degrees radius should 


would need to use a contrast multi- 


TABLE IV 


Factors for Enlargement of the Receptive 


Field, 


Radius of Receptive Field 
(Degrees) 
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Figure 14. Threshold contrast curves for a one-minute 
diameter dise target for central viewing and for viewing 
two degrees off-axis. 


plier of 4.00 to accomplish this enlargement of the 
receptive field 

The factor required to produce a given receptive 
field is not the same at all values of background 
luminance. To illustrate this point, data are pre- 
sented in Fig. 14 for central viewing and for view- 
ing off-axis by a fixed amount of two degrees. The 
experimental data do not extend beyond 100 foot- 
lamberts; accordingly, the curve for central view- 
ing has been extended by means of the values pre- 
sented in Table II. The curve for two-degree off- 
axis viewing has been extended by visual extrapola- 
tion. Fig. 15 contains values of the log factor rep- 
resenting the difference between the two curves in 
Fig. 14, at various values of background lumi 
nanee. The factor varies sharply with luminance, 
having a value of four for a luminance level of 75 
footlamberts 

Although this analysis suggests that the factor 
required to provide an adequate receptive field 
varies with the value of B, we shall have to ignore 
this complication in order to provide a workable 
system of field factors. 

A series of studies has also been conducted to 
evaluate the influence of various psychological fac- 


tors which differ between the conditions of the 
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Figure 15. Values of the contrast factor relating thresh- 
olds for central viewing and thresholds for viewing two 
degrees off-axis. 
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These 


studies have recently been reported elsewhere,'* so 


laboratory and everyday use of the eyes 


that « brief summary should suffice. In one group 
of experiments, the effect of providing the observer 
with advance information as to the moment of oc 
Threshold 


measurements were made both with and without 


currence of the target was assessed 
advance warning as to the moment of presenta- 
tion of the target. It was found that the threshold 
contrast was 1.40 times higher when the observers 
were not given advance warning that a target was 
to be presented 

In a second group of experiments, the influence 
of the knowledge the observer possessed concerning 
the precise location to be occupied by the target 
was assessed. There were only two possible loca 
tions in which the target could occur. These posi 
tions were located equidistant from the center of 
fixation on either side. Different separations be 
tween the two possible locations in which the target 
might appear were investigated, varying from 0.25 
degree to 8 degrees. The experiment compared the 
threshold contrast when the observers were not in 
formed of which location the target would occupy, 
with the threshold contrast when they were in 
formed of the eccentric target location in advance 
The threshold contrast was always greater when 
the observer was not informed in advance of the 
location to be occupied by the target, the effect 
being greater the greater the separation between 
two possible locations. With the two locations each 
separated from the line-of-sight by three degrees or 
more, the threshold contrast was 1.31 times higher 
when the observer was not given advance knowl 
edge of the target location 

Finally, a group of experiments was conducted 
to evaluate the effect of the frequency with which 
target objects occur. In the usual laboratory pro 
cedure, a target object is presented regularly each 
10-30 seconds. In some inspection jobs, “targets” 
may occur with considerably less frequency than 
this. Studies were made in which the frequeney 
of targets was reduced from one every 30 seconds to 
one on the average of every 15 minutes. (In neither 
case were the observers warned in advance when 
the targets were to be presented The threshold 
contrast was 1.19 times higher when the frequency 
was reduced. Of course, the existence of only one 
target object every 15 minutes may be considered 
rather extreme, so perhaps a factor of 1.10 would 
be more representative of the conditions to be ex 
pected in actual everyday use of the eyes 

There is no really satisfactory basis upon which 
the joint effect of various of these factors related 
to the psychological conditions of observing can be 
assessed 


Perhaps all we can do is to estimate that 
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Figure 16. Observer seated in the observation booth of 
the Field 


shown with the circular plaques and the adjacent indi- 


Task Simulator. The wooden platform is 


eator buttons. 


the existence of some of these differences will pro 
duce an increase in contrast threshold of at least 
1.50, and that the existence of them all may 
expected to increase threshold contrast by at least 
2 OO 

These studies of the effects of Various cditt rences 
between laboratory observing and everyday seeing 
do assist us in 


identifying the variables differing between labora 


are not entirely definitive, but they 


tory and everyday use of the eyes, and they pro 
vide estimates of the numerical effects which the se 
variables produce. Before attempting to develop 
field factors for use in specifying lighting for vari 
ous tasks, we decided to attempt to evaluate the 
field factor as a whole for some task representing 
realistic use of the eyes. For this purpose, we de 
veloped a “Field Task Simulator,” and studied a 
visual task which could be directly compared with 
the laboratory task which had been previously 
subjected to extensive study 

The Field Task Simulator is shown in Fig. 16 
The observer is seated in a small light booth, illu 
a translucent ceil 


minated from overhead through 


; 


looks downward at a series of ¢ 
There are 


} 


mounted around the cirecumfe 


ing. She 
plaques, each four inches across 
these plaques 

of a seven-foot wooden platform The plat 
extends under the observation booth and consid 


ably behind 


may be set into motion, revolving about 


as shown in Fig. 17. The 


shown behind the observation booth in Fig 


volves, the plaques are moves 


the platform ré 
the observation booth beneath the eyes ol 
server. The wal he observation booth 

surface of the wooden platform, and the top sur 
painted with spher 


faces of the plaques were 
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Figure 17. 
Wooden platform is made to rotate about the centrally 
located shaft, thus moving the plaques through the 


observation booth. 


tually were composed of 


plastic, which could be 
nduce luminous dise targets 
original laboratory exper! 
the plastic deter 

inous dise tar 

the target dises was provided 
eptacles beneath the 
transillumination, the 
iformly bright and were 
When the 


small spot of light 


lamp below a 


ace ot the plaque 
tion in the plaque 
size of a lumi 
ip rture 

ontrast, ould be 
or farther from 


and 


insp 
of im pe rfections.’ 
plag ies were made 
es. Diserimination 
yn the face of a 
er depressing 

o the plaque 
experimenter 

any of the plaques 
three of the luminous 
time On occasion. the 
Sines 


the ob 


f 


or as large as six 
threshold range 


the presence oO more 
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Over-all view of the Field Task Simulator. 


It is important to emphasize that the observer 


did not have to respond to an imperfect plaque 
before she could begin to examine the next plaque. 
She could easily depress the indicator button with 
the visual guidance provided by peripheral vision. 
Thus, the observer tended to begin to examine a 
plaque as soon as it entered the observation booth 
from the left-hand margin. Because of the larger 
angular movement of each plaque, the observer had 
The ob- 


server had to perform her examination of each 


to track the plaque while examining it 


plaque quite rapidly in order not to miss some of 
the plaques. At the same time, she had to success- 
fully depress the button adjacent to any imperfect 
plaques before the plaque disappeared from the 
observation booth on the right-hand margin. Six 
plaques were visible to the observer within the ob- 
servation booth at one time. 

Measurements were made with two speeds of 
revolution of the wooden platform. In the slower 
speed, the platform completed a full rotation in 
590 seconds. In the faster speed a full rotation was 
accomplished in only 20 seconds. The observers 
were able to learn to operate the Simulator at both 
speeds without response limitation of their visual 
pertormance 

Measurements were made at each of a number of 
luminance of the wooden platform as 
At each 


luminance level, the contrast of the luminous dises 


levels of 
viewed from within the observation booth 


was varied to provide variable accuracies within 
the threshold range. The actual luminance incre 
ment of each dise target was measured with a 
photoelectric photometer which was calibrated in 
terms of a visual photometer used to measure the 
intensity of small sources by measuring the illumi- 
nation produced by the source on a standard test 
plate. The luminance increment produced by each 
dise was computed from the intensity and the meas 
ured size of the dise 

The observers made so few errors by depressing 
buttons corresponding to perfect plaques that the 
probabilities of correct response can be analyzed 
without coneern for corrections for successes due 
to “chance.” The response data were analyzed by 
fitting normal ogives to the values of accuracy 
probability, expressed in terms of a scale of dise 
contrast. Because of the relative paucity of experi- 
mental data, the ogives were fitted by eye and only 
values of the threshold contrast were obtained, 
corresponding to an accuracy level of 50 per cent 
Three well-trained observers were used in all 

The results obtained with the slower rate of rota 
tion of the wheel are presented as the data points 
in Fig. 18 


amined in 50 seconds, these data are considered to 


Since there were 50 plaques to be ex- 
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Figure 18. Threshold contrast data from the Field Task 

Simulator, for a rotational speed yielding plaques at the 

rate of one per second. The solid curve represents a 

threshold curve interpolated from the basic laboratory 

data. The dashed curve represents the laboratory con- 
trast values multiplied by a factor of 6.0 


represent an informational content of one item per 
The angular size of the dises used in this 
Note that the values 


second 
experiment was 2.6 minutes 
of threshold contrast vary with background lumi- 
nance in the approximate manner to be expected 
from our earlier performance data. In fact, the 
solid curve represents results from the original 
laboratory studies reported in Section II, in which 
a 2.6 minutes and in which the exposure dura 
tion of the single flashes was one second. Compari- 
son between the simulator data and these particu- 
lar laboratory data should reveal the over-all effect 
of the many differences between the laboratory and 
the simulator, when the informational content was 
the same. As expected, the simulator data occur at 
higher values of target contrast, representing the 
fact that visual performance is inferior in the 
simulator 

The dashed curve fitted through the data points 
was constructed by multiplying each value on the 
solid curve by a constant equal to 6.0. (Since the 
scale of contrast in the figure is logarithmic, this is 
accomplished simply by moving the solid curve 


vertically by an amount equal to the logarithm of 


6.0.) The dashed curve provides a fairly 


reason 
able fit to the data, revealing that on the average 
6.0 times as much contrast was needed in the simu 
lator as in the laboratory experiment 

The data obtained in the study with the more 
rapid rotation of the platform are presented in 


Fig. 19 


considered To be 9 5 items pe r second The 


In this case, the informational content is 
solid 
curve in this ease represents data from the original 
laboratory 


study, corresponding to an exposur 
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Figure 19. Threshold contrast data from the Field Task 
Simulator for a rotational speed yielding plaques at the 
rate of 2.5 per second. The solid curve represents a 
threshold curve interpolated from the basic laboratory 
data. The dashed curve represents the laboratory con- 


trast values multiplied by a factor of 7.25. 


duration of single target flashes equal to 0.4 se 

ond. These data were interpolated from the fam 
ilies of smooth curves produced by the data-smooth 
dashed 


curve fitted through the simulator data in this case 


Ing process deseribed In Section I] The 


was constructed by multiplying each value on the 


solid curve by a constant equal to 7.25. As before, 


the dashed curve provides a reasonably adequate 


fit to the data points, 
These data suggest that the over-all field factor 
required to compensate for all the many differences 


existing tween the laboratory conditions and 


those o » simulator varies between 6.0 and 7.25 


It eresting to relate this to the values s 


vested the 


series of studies of the variables 


which might expected to contribute to a field 


factor. It is to be emphasized at once that the 
eriterion factor is not involved since in both 
simulator and the laboratory study trained ob 
servers utilized what amounted to a forced-cho 
factor of from 6.0 to 7.25 can be 


procedure. The 
‘ 


understood as due to a factor of perhaps 4.0 


provide field of suitable size, ane 
factor 5 1.8 for psychological fact 
knowledge when and wher 

target objects would appear. It is interesting 
note that factors for lack of knowledge as to whe 
and where the target would appear would equal 
1.83 if multiplied together, a value which agrees 
remarkably well with the values actually obtained 
Of course, this agreement could be easily lost had 

ed a different value for the factor used to 
enlarge the receptive field. Still, this compariso1 
understanding of what might go t 
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make up field factors required under actual field visual task through one optical system and adjusts 


it until it is barely visible. He then views a stand- 
ard dise target through another optical system and 
IV. Tae Visvat Task Evaluator adjusts it until it is barely visible. Equivalence of 


lhe basic philosophy of the method for specify the two tasks is established by the fact that both 
vhting levels on the basis of the visual per- are set for threshold visibility The method by 
formal lata summarized in Section II involves which this operation is accomplished will be de- 
letermining the standard dise target which is scribed in some detail. 
equivalent in visual difficulty to each practical task With reference to Fig. 20, when the practical 
f terest. Once this equivalence has been estab visual task, P, is viewed, the removable mirror is 


lished. tl performance data for standard dises removed and the operator views the task through 


tay be used to determine the lighting required to one of two possible objective lenses. The task is 


provide a «a sired criterion level of visual perform seen within the inner field of a photometric com- 


an The Visual Task Evaluator is an optical de parator cube consisting of inner disc and outer 
establishing the equivalence of annulus fields. The task 
ract a faSKS and standard cise tar gets 


The original Visual Task Evaluator (VTE) was 


sioned ror 


ul is i 


is reduced to threshold 
visibility by means of a partially silvered circular 
mirror of variable optical properties, kindly 





pro 
esigned to permit several different modes opera vided for our use by Professor D. M. Finch of the 
‘——_ = iluatine their relative merits. The de University of California. The transmittance of the 
n of this device is to be eredited primarily to my mirror varies continuously “around the clock.” 
issociate, Benjamin S. Pritchard. Design consid The reflectance varies “around the clock” in the 
rations of instruments of this sort will be discussed opposite direction. This variable “wedge” is so 
i forthcoming paper, so that a brief description designed that the sum of its transmittance and re- 
the operating procedure will suffice here. The flectance are approximately equal at all points. The 
model is clearly a research model, and is in wedge is used to reflect a uniform light veil over 
sense supposed to be a practical device for pro the practical task. Thus, as the wedge is turned, 
tion and widespread usage. The optical dia the contrast of the task is varied continuously 
rram is presented in Fig. 20. A photograph of th while the luminance remains constant. Finch has 
dk is presented in Fig. 21. The optical com reported on the detailed characteristics of these 
ponents are mounted on a rigid aluminum table in wedges elsewhere,'” so that a detailed lescription 
ndividual mounting units which made it a com of the wedge is not required 
parat simple matter for modifications to b The design of the VTE employs a single internal 
, in th tical design 


lamp for a variety of related purposes. As shown 


ws the practical in Fig. 20, the lamp provides the light veil, V, for 
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Figure 21. Photograph of the Visual Task Evaluator 
(VTE). A sample reading task is mounted before the 


device, lighted by a 35 mm slide projector. The Mac- 
Figure 20. Optical schematic diagram of the Visual beth Iluminometer is used to measure the average task 
Task Evaluator (VTE). See text for explanation. luminance. 
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reducing the contrast of the practical visual task. 
It also provides light for illuminating the annulus, 
which appears around the inner photometric field 
occupied by the practical task. The value of V was 
set equal to A with the wedge turned to 100 per 
cent reflection when the VTE was originally cali- 
brated and this equivalence is not disturbed in any 
way by the use of the device. 

The actual operating procedure has a further 
complication. As we shall see, it is necessary for 
the value of V to be set equal to the average lumi- 
nance of the visual task. This was originally ac- 
complished by having the operator set the lumi- 
nance of the annulus, A, equal to the luminance of 
the inner field containing, as it did, a complex ob- 
ject and its background of non-uniform luminance. 
The precision of these settings was unsatisfactory. 
Accordingly, it was decided that the inner field 
should be defocused to facilitate the photometric 
match. A second objective lens was obtained which 
focused the visual task in the plane of the pupil of 
the operator's eve. Such a Maxwellian-view system 
provides a perfectly uniform inner field so long 
as the eve is centered with respect to the optical 
system. Under these circumstances, it was possible 
to match A to the inner field with satisfactory 
precision. Thus, the procedure involved: (a) in- 
serting the blurring lens and setting A to match 
the inner field; (b) inserting the imaging lens and 
adjusting the contrast wedge until the task was 
barely visible. 

The next step in the procedure involved leaving 
the contrast wedge in the position at which it was 
set to bring the practical task to threshold visi- 
bility, and interposing the removable mirror. This 
mirror is used to replace the view of the practical 
task in the inner field of the photometric compara- 
tor with a view of a standard dise target. The 
background for the standard target, S, is uniform 
in luminance and is produced by the lamp used to 
produce V and A. The luminance increment repre 
senting the standard target, AS, is also produced 
by the same lamp but there is an independent con- 
trol over the luminance of the increment by a 
neutral density wedge, ground to varying thickness 
from a piece of Chance neutral glass. Adjustment 
of the luminance increment, AS, varies the initial 
coutrast of the standard dise target. When the 
standard target is viewed through the variable con- 
trast wedge, the initial contrast of the dise is re- 
duced by the wedge to an extent dependent upon 
the position of the wedge 

One method of operation of this stage of the 
VTE involved fixing the size of the standard dise 
and adjusting the value of AS to threshold visibil- 


ity, with the contrast wedge set for the value pre- 
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Figure 22. Conceptualization of the operating 


principles of the Visual Task Evaluator. See text. 


viously used to reduce the practical task to thresh- 
old visibility. The initial contrast of the standard 
disc represents the equivalence value desired from 
the VTE procedure. That is, the initial contrast of 
the standard dise together with the angular size 
of the dise, define the standard dise of visibility 
equivalent to the practical task. 

The basic operations implied by this procedure 
for using the VTE are represented schematically 
in Fig. 22. The practical task, P, has an average 
luminance, B,, which represents an average of the 
non-uniform luminance of the critical detail and 
immediate surround of the task. The luminance of 
the annulus, By, is set equal to this average lumi 
nance in the first step in the procedure. Then B, 

B 
justed to any desired value 
to equal B, implies that B, B, = B, since By, 
By, = B, 
tor, F, 
luminance interposed over Bp and also over Bs and 


»» Where ~ implies that the quantity may be ad 


The adjustment of By, 


The setting of the contrast reduction fae 


of the wedge varies the amount of veiling 


Bas, the luminance increment of the standard disc 
Then, the luminance, Bag, is varied until the stand 
ard task is at threshold luminance when viewed 
through the amount of veiling luminance required 
to reduce the practical task, P, to threshold. It is 
assumed that the practical and standard task which 
are equally visible at threshold are also equally 
visible in the absence of the veiling luminance 
Standard and practical tasks, set equivalent with 
the veiling liminance, have been examined in the 
absence of the light veil. It is difficult to evaluate 
the degree of equivale nee of tasks both of which are 
well above threshold but, to the extent that such 
judgments can be made, there does not appear to 
be any violation of this assumption 

(Incidentally, the diagram in the lower section 
of Fig. 22 illustrates the appearance of the photo 
metric comparator. It shows that only the annulus 
A occupies the outer portion ol the photometric 


field. First P+V, 


the practical task and the veil 
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and then S-+ AS + V, the standard 


background, the standard target and the veiling 


ing luminance 


luminance occupy the central portion of the photo- 
metric field 

At the outset, it was not apparent to what extent 
it would be preferable to adjust the contrast or the 
size of the standard dise target to reach the visi- 
threshold 


for both means of adjustment 


bility Accordingly, provisions were 


mace The size of 
the standard dise target was varied by a telescopic 
zoomar system, based upon two lenses whose posi- 
tion with respect to an aperture, and whose posi- 
tions with respect to each other, could be varied 
mechanically so as to provide continuous variation 
n magnification without loss of foeus. The tele- 
scopic zoomar system performed satisfactorily 

\n evaluation was made of the relative precision 
of determining equivalent standard dises by vary- 


ing size or contrast. Seven observers were used, 


f whom made 10 settings with each system 
T) wreentage errors were slightly smaller when 
iitrast, rather than size, was varied. Of course, 

variable contrast device is considerably simpler 
and requires less care in use. For these and other 
reasons, it was decided to adopt a procedure of 
varying contrast rather than size. It was arbitrarily 
ided to adopt a four-minute luminous dise as 
t of standard size, and to vary the contrast 
of this cds 


to establish equivalence with various 


al tasks 
(nee an equivalence has been established be- 
tween a ven practical visual task and a standard 
inous dise target with the VTE, it is possible to 
establish the lighting required to provide a eri- 
terion amount of visual performance, utilizing a 
standard curve representing the desired level of 


sual performance of the four-minute luminous 


«iis larvet The next section will deseribe the de- 
velopment of a standard visual performance curve 
r this Ir pose 
V. STANDARD VISUAL PERFORMANCE CURVI 
\s is indicated in Section IV, we require a stand- 


ard visual performance curve representing a level 


of visual performance to be provided for various 


1 7 


sual tasks by the use of suitable lighting levels 
It is to be emphasized that the standard perform 
ance curve to be developed is recommended for 
current use, based upon our current knowledge of 
isual performance. Subsequent information may 
lead in time to other standard performance curves, 
as is suggested in Section VIII. It should be remem 
bered that the method being deseribed in this re- 
port is considerably more general than any specific 
standard performance curve recommended at a 


particular time 
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In developing a standard performance curve, we 
must first decide upon the units in which perform- 
ance should be described. It was decided on the 
basis of experiments described in Section IV that 
the contrast of the standard target would be varied 
in the process of determining equivalence between 
various practical tasks and the standard luminous 
dise target. Accordingly, the standard perform- 
ance curve should represent the functional relation 
between target contrast and background lumi- 
nance. Thus, the standard performance curve will 
be analogous to the performance curves presented 
in Figs. 8-12, in which each curve represents a 
fixed level of visibility, specified by an accuracy 
level of 50 per cent at threshold, and by a level of 
visual capacity implied by the exposure duration 
of the target. We need to select a suitable level of 
visual capacity, a suitable level of accuracy, and a 
suitable field factor. The general discussion of the 
previous sections provides the basis for the selec- 
tion of these constants. 

The analysis of the basic characteristics of visual 
information assimilation presented in Section I has 
suggested the desirability of insuring that informa- 
tion assimilation can oceur within a single fixa- 
tional pause. To insure this level of performance 
we must provide a level of visual capacity sufficient 
to permit assimilation of at least five items of infor- 
mation per second. A level of five assimilations per 
5 APS 


upper limit of visual capacity. As indicated in See- 


second does not appear to be nearly the 


tion I, studies of visual performance for multiple 
items presented successively at one point in the 
visual field, and of multiple items presented simul- 
taneously at different points in the visual field, sug- 
gest that a visual capacity of at least 30 APS is 
possible. Nonetheless, it was decided that the 
standard performance curve to be used at the pres- 
ent time should be based upon only a 5 APS level 
of visual capacity. Selection of this level is surely 
conservative, since it provides the capacity to as- 
similate only a single item of information per fixa- 
tional pause. It is perhaps wise to be conservative 
at this time since the proposed method is new and 
we have had no experience with its use. Further- 
more, we cannot claim that we fully understand, at 
present, the visual capacity to assimilate multiple 
items of information in a fixational pause. The 
experiments we have conducted are limited to in- 
stances in which the multiple items either rein- 
forced each other (the Clark experiment) or at 
least did not contradict one another (the Harcum 
experiment There will surely be instances in 
which multiple items of information which should 
be assimilated within a fixational pause will inter- 
fere with each other. We require considerable fur- 
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ther study of the assimilation of multiple items of 
information within a fixational pause before we 
can begin to utilize standard performance curves 
based upon visual capacity levels in the range from 
5-30 APS. 

It is probable that ultimately we will have to 
recognize that different levels of visual capacity 
should be provided for different visual tasks. This 
concept is considered in some detail in Section 
VIII, and the basic groundwork is estabiished for 
development of the lighting specification method in 
this direction once we have a solid factual basis 
upon which to proceed. For the present, it seems 
wise to base our standard performance curve upon 
a level of visual capacity which is surely the mini- 
mum required for all visual tasks. 

As we noted in Sections II and III, it would 
scarcely be suitable to establish a 50 per cent accu- 
racy level under conditions of laboratory seeing as 
the standard level of visual performance. Instead, 
we wish to use an accuracy level of 99 per cent, and 
a field factor to represent the conditions of every- 
day seeing. 

In both the 1952' and the 1955* papers, the 
method of converting the performance data from 
one level of accuracy to another was described. We 
can allow for a change, for example, from 50 per 
cent to 99 per cent accuracy by multiplying the 
values of threshold contrast on a particular graph 
The multiplier varies 
1 


by a constant multiplier. 
with exposure duration. For -second exposures 


the multiplier is 2.05, whereas for '/;9-second ex- 


posures the multiplier is 1.87. A multiplier for use 
with the '/;-second data, which represent the 5 
APS level of visual capacity, was determined by 
linear interpolation on a logarithmic scale of expo- 
sure duration. A value of 1.98 was obtained for the 
multiplier 

The discussion of field factors presented in Sec- 
tion III above suggests that different visual tasks 
may well require different field factors, due to dif- 
ferences in the amount of sensory guidance re- 
quired by the oculomotor adjustment functions 
and differences in the amount of knowledge the 
observer will have concerning the nature of the 
visual task. This concept is considered at some 
length in Section VIII. Of course, we have no 
factual basis at the present time for assigning dif- 
ferent field 
proper, therefore, to use a single field factor for 


factors to various tasks. It seems 
all tasks until we have a defensible procedure to 
use in assigning field factors to different tasks 

It was decided that a field factor of 15 would be 
recommended for use at the present time. In select- 
ing FF 15 as the one value for use with all tasks, 


heavy reliance was placed upon the fact that the 
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Figure 23. Standard visual performance curve based 

upon a four-minute standard dise target for a visual 

capacity level of five assimilations per second (APS). 
The field factor is 15; accuracy is 99 per cent. 


assessment of the field factor in the Field Task 
Simulator resulted in values of FF between 15 and 
18.1. Thus, selection of FF 15 was considered con- 
servative on the basis of the only actual field deter- 
mination of a field factor we had. In terms of the 
analysis presented in Section III, selection of FF 
15 means that we are providing for a four-degree 
receptive field, and for a moderate loss in informa- 
tion concerning the visual task. Based upon our 
analysis of field factors, we might conclude that 
FF 15 is somewhat large for tasks in which either 
a smaller receptive field than four degrees is re 
quired, or in which there is very little loss in infor 
mation. On the other hand, FF 15 is probably 
somewhat small for tasks in which either a larger 
receptive field than four degrees is required, or in 
which there is a considerable loss in information 
Thus, from the point of view of the analysis of 
field factors, FF 15 may be considered generally 
representative of all tasks. It must be emphasized, 
of course, that at the present time heavy reliance 
cannot be placed upon the analysis of field factors 
The only actual determination of a field factor we 
have comes from the Field Task Simulator study. 
As indicated above, a value of 15 is the lower limit 


Thus, 


selection of a field factor of 15 must be considered 


of the range of values obtained in this study 


a conservative estimate on the basis of our present 
knowledge 
9» APS 


level of visual capacity, adjusted to 99 per cent 


The standard performance curve for the 
accuracy and to FF 15, is presented in Fig, 23. It 
is recommended that this curve be used for the 
current specification of lighting levels for various 
visual tasks. This curve was constructed from a 
1 


threshold eurve for a second exposure duration 


obtained in the following way. First, values of 


threshold contrast were obtained for various lumi 
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Inspection of the construction of Fie. 24 reveals 





nance 


levels up to 100 footlamberts from the 


smooth curves of the original laboratory data de- 
seribed in Section Il. Values of threshold contrast 
for higher luminance levels were computed from 
values at 


values of relative threshold contrast 


various luminance levels. obtained in the recent 
experiments reported in Section II. These values 
of relative threshold contrast were obtained by 
linear interpolation between the values presented 


in Tables II and III, 


plotted on a logarithmic scale 


when exposure duration was 
A quantitative 
description of the method used to construct the 
threshold curve for ' second is contained in See- 
tion VIII, and the actual threshold curve is ex- 


hibited in Fie. 33. which will be deseribed later 


Vi. Tue LientiIne SPECIFICATION PROCEDURE 
Now that we have deseribed the operation of the 


Visual Task 


standard performance curve, it will be possible to 


Evaluator and have developed the 
deseribe the entire lighting specification system 
Fig. 24 represents the operation of the specification 
system graphically, utilizing the standard perform- 
ance curve developed in Section V, presented in 
the figure as the solid curve. Now, let us suppose 
that we have two practical tasks to be evaluated 
In our example, we assume that we have advance 
knowledge of the threshold performance curves for 
these tasks, so as to illustrate the procedures and 
assumptions of the method. We assume that if we 
reduced the over-all contrast of these tasks, the 
relation between threshold contrast and the over- 
all luminance would be identical in form to that 
measurement with the four 


That is, the threshold 


actually found by 


minute standard dise target 


performance curves for Tasks 1 and 2, shown in 


Fig. 24, are parallel to the standard performance: 
irve, which is itself constructed parallel to the 
threshold curve for a four-minute dise presented 
for ' second duration 
Now, let us suppose that we evaluate Tasks 1 and 
with the VTE at an arbitrarily chosen level of 
luminanes equal to 100 footlamberts. We assume 
the actual contrast of Task 1, before reduction 
by the wedge in the VTE is of the value Ci, repre 
sented by a horizontal line drawn at a real value of 
log target contrast. The reduction of contrast of 
Task 1 to the visibility threshold is represented in 
the figure by the arrow with a single crossmark, 
extending down from the line CC, to intersection 
with the threshold performance curve of Task 1, 
which is the upper dashed curve. Note that this 
line is drawn vertically over the value of log back 


ground luminance 2. corresponding to 100 foot 


lamberts. The length of the arrow represents the 


amount of contrast reduction which must be intro 
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Figure 24. Illustration of the operating principles of 
lighting specification system. Explanation in text. 


duced by the contrast wedge ; it corresponds to the 
degree of rotation of the wedge. The second opera- 
tion in the VTE involves determining the value of 
initial contrast of the standard four-minute disc 
which is also at threshold visibility when the con- 
trast wedge is left untouched after the setting 
made to reduce Task 1 to threshold. The contrast 
value labeled 0 is intended to represent the thresh- 
old contrast of the observer for a four-minute tar- 
get with a 100-footlambert background luminance 
under the conditions of setting the VTE. (This 
value will normally fall below the standard per- 
formance curve because time is virtually unlimited 
in the VTE measurements.) The operation of ad- 
justing the initial contrast of the four-minute dise 
until it is at threshold when viewed through the 
contrast wedge therefore involves moving up from 
the point 0 a distance on the log target contrast 
scale equal to the distance moved down in reducing 
the contrast of Task 1 to threshold. The literal 
accuracy of this statement is apparent if it is re- 
membered that a fixed distance on the log contrast 
scale is equivalent to a fixed percentage contrast 
change, which is precisely what a given setting of 
the contrast wedge provides to all tasks. Thus, the 
other single-marked arrow measuring up from the 
contrast level 0 reaches to a value of initial con- 
trast which is the contrast for the four-minute 
standard target equivalent to Task 1. (This arrow 
should. of course, also be constructed along a verti- 
eal line representing log background luminance 

2 since the setting of the standard dise target is 
extending down from the line C,; to intersect with 
the threshold Task 1, 
For ease of construction, the arrow was arbitrarily 


performance curve of 
displaced to the left of the first arrow. ) 

The lighting specification system proceeds by 
defining the level of luminance for Task 1 as the 
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level at which the contrast of the standard dise 
equivalent to Task 1 will fall on the standard per- 
formance curve. Thus, the operation involves ex- 
tending a horizontal line from the head of the 
second single-marked arrow until it intersects the 
standard performance curve. The specified lumi- 
nance level for Task 1 is B, which is shown in the 
figure to be a level between .1 and 1 footlambert. 

We may well inquire to what extent this level of 
luminance will provide more task contrast than re- 
quired for threshold visibility. The extent to which 
the threshold contrast is less than the value C, 
measures the extent to which our specification sys- 
tem has resulted in a condition of supra-threshold 
visibility for the task. The arrow with the central 
black dot located above the luminance B; measures 
the distance from the threshold contrast for Task 1] 
at luminance B, to the actual contrast C;. Since 
this measures a distance on the log target contrast 
scale, the length of this arrow measures the supra- 
threshold visibility factor of 2.51. 

Consider next the case of Task 2. The lower 
dashed curve is the threshold performance curve 
and the actual task contrast is represented by the 
level (o. As before, the VTE evaluation is as- 
sumed to have occurred at 100 footlamberts back- 
ground luminance. The double-marked arrow rep- 
resents the extent of reduction in task contrast 
required to bring Task 2 to threshold visibility. 
As before, the operation of setting the contrast of 
the standard dise target involves moving up on the 
log contrast scale from the contrast value 0 a dis- 
tance equal to the distance the value of Ce had to 
be reduced to bring it to threshold. The double- 
marked arrow constructed upwards from 0 repre- 
sents this operation. (This arrow should also be 
constructed vertically along the log background 
luminance seale at 2, but it was moved arbitrarily 
to the right to avoid confusion.) The value of con- 
trast corresponding to the top of this arrow repre 
sents the contrast of the standard dise correspond- 
ing to Task 2. This value of contrast is continued 
across horizontally until it intersects the standard 
performance curve. The luminance corresponding 
to this point of intersection is labeled B.; it repre- 
sents the luminance level at which Task 2 should be 
1e supra-threshold level 
As be- 


fore, the extent to which luminance Bz will provide 


performed to provide th 


built into our standard performance curve 


a supra-threshold level of performance for Task 2 
is measured by the extent to which Cs exceeds the 
threshold for Task 2 at luminance By. This extent 
is measured by the arrow with the central black 
The length 


of this arrow indicates that Task 2 will also have 


dot located above luminance level Bs. 


a supra-threshold visibility factor of 2.51 at lumi- 


> 
nance B. 
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Inspection of the construction of Fig. 24 reveals 
that this system will always result in supra-thresh- 
old visibility factors which are equal so long as the 
threshold curves for various tasks are parallel to 
the standard performance curve. The placement of 
the threshold curves on the log contrast seale, and 
the initial contrast values of the tasks do not alter 
the supra-threshold factor obtained for all tasks 
The absolute placement of the standard perform- 
ance curve alters the luminances specified, and the 
magnitude of the supra-threshold factor obtained 
for all tasks. Obviously, the higher the standard 
performance curve on the log contrast scale, the 
greater will be the supra-threshold visibility factor 
for all tasks. 

The level of the observer’s threshold for the 
standard dise also affects the luminances specified 
and the supra-threshold visibility factor obtained, 
if this quantity varies while the thresholds for 
Tasks 1 and 2 do not vary. The null-comparison 
method adopted as the standard procedure in the 
VTE was intended to minimize this possibility, 
since the thresholds for the practical and standard 
tasks are measured in rapid succession. Actually, 
this precaution does not appear to be necessary 
when highly skilled operators are used. It is pos 
sible to compare settings made on the standard disc 
in the VTE at various times, by plotting the con 
trast values Bag ne as a function of the setting of 
the variable contrast wedge. It has been found that 
data collected in different observing sessions sepa 
rated by months were in very good agreement, pro 
vided the VTE measurements were made at the 
same luminance level. The setting of the annulus 
provides a means of establishing the average lumi- 
nance at which the VTE measurements are made 
If the measurements are made at different lumi 
nance levels, the operator’s threshold for the stand 
ard dises will, of course, be different. Use of the 
null-comparison method cancels out this variable 
It should be apparent from the construction of 
Fig. 24 that the luminance level at which the VTE 
measurements are made does not affect the result 
obtained, provided the threshold contrast curve of 
the operator for the standard dise target is parallel! 


to the standard performance curve. As suggested 


by the above discussion, it is convenient to make all 


VTE measurements at a single luminance level 
since it is possible to pool the data obtained on 
various settings of the standard targets to increase 
the precision of each individual equivalence set 
ting. 
There is, however, a separate argument which 
suggests that it would be preferable to evaluat: 
various tasks at luminance levels near the ones 
which will be eventually specified. The errors in 
troduced in the specification process due to non 
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Figure 25. Threshold contrast data for a rectangle and 
a cross target presented for a 1/100-second duration. 
The solid curve represents a threshold curve interpolated 
from the basic laboratory data. The dashed curves 
represent laboratory contrast values multiplied by fac- 


tors of 2.63 and 3.47, respectively. 


parallelism of the threshold curves for various 
tasks will be minimized if the assessment of each 
task is made at a luminance level near the value 
which ends by being specified. This argument may 
suggest the use of an iterative procedure for arriv- 
ing at the final lighting specification 
We well may wonder to what extent the thresh 
old performance curves for various tasks are paral 
lel to one another. During 1956-1957, Stanley W. 
Smith of the University of Michigan staff studied 
threshold curves for two tasks which were selected 
to be markedly different from the luminous dise 
used as the standard target. One target was a long 
thin rectangle, subtending 1 minute by 64 minutes 
The other target was a 90-degree cross made from 
two l-minute by 64-minute rectangles. The ap- 
paratus and procedures were identical with those 
of the main laboratory studies reported in Section 
Il. Groups of four observers were used for each 
ach of the three exposure durations: 1, 
, second. Measurements were made in 
» define the functional relation between 
log threshold contrast and log baekground lumi- 


‘ 


nance, for comparison with the functional relations 


obtained with cireular targets of equal area. The 


1 


results for the '/;o9-second exposure duration are 


pres nted in Fig. 25. The solid curve is for a cireu- 
lar dise with a 10-minute diameter. The results for 
the rectangle and the cross are shown as data 
points. The two dashed curves represent the solid 
urve adjusted with respect to the contrast scale so 
as to provide the best fit to the data for each target 
The contrast multiplier used to adjust the curve is 
The curves in each case fit 


revealing that the threshold 


indicated in each case 


the data points well, 
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Figure 26. Threshold contrast data for a rectangle and 

a cross target presented for a 1/10-second duration. 

The solid curve represents a threshold curve interpo- 

lated from the basic laboratory data. The dashed 

curves represent laboratory contrast values multiplied by 
factors of 2.04 and 2.53, respectively. 


curve has very much the same shape for the non- 
circular and cireular targets viewed at an exposure 
duration of '/;99 second. 

Similar data for the '/;9-second exposure dura- 
tion are presented in Fig. 26. As before, the solid 
curve is for a dise target and the dashed lines repre- 
sent the curve for the circular target adjusted so as 
to best fit the data on the rectangle and the cross 
targets. The curve fit seems quite adequate for the 
rectangle target. The data point obtained with the 
cross target at the highest luminance falls well 


below the upper dashed curve, suggesting that 


there may be a difference in the functional relation 


between threshold contrast and background lumi- 
nance in this case. 

The data for 1l-second exposure duration are 
presented in Fig. 27. In this case, the curves fitted 
through the data points for the rectangle target fit 
the curve derived from the dise target fairly well, 
but the data points for the cross target depart 
markedly from the curve fitted to them. Clearly, 
the functional relation between threshold contrast 
and background luminance is different for the 
eross target and dise target of equal area. 

Of course, an examination of the curves which 
are shown in Figs. 8-12 reveals differences in the 
functional relation between threshold contrast 
and background luminance as great as these differ- 
ences, when dise targets are varied in size over a 
large range. These data make it clear that there 
will be errors introduced into the lighting specifi- 
cation method due to non-parallelism of the thresh- 
old curves obtained with various visual tasks. How- 
ever, in a broad sense, the threshold curves bear 
great resemblance to each other. As _ indicated 
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Figure 27. Threshold contrast data for a rectangle and 
a cross target presented for a one-second duration. The 
solid curve represents a threshold curve interpolated 
from the basic laboratory data. The dashed curves rep- 
resent laboratory contrast values multiplied by factors 

of 1.99 and 2.09, respectively. 


above, differences in the form of these curves can 
be minimized by evaluating each task at a lumi 
nance level as close as possible to the one specified 
by the system 

It is worth noting that our selection of a four 
minute standard disc. rather than a one- or 60 
minute dise target, serves to minimize the effect of 
non-parallelism of the threshold curves, since the 
eurve for the four-minute dise is of roughly inter 
mediate form with respect to those shown in Figs. 


8-12 and in Figs. 25-27. 


The above account completes our description of 


the lighting specification process as it is recom 
mended that it be utilized currently. Before re 
porting the lighting levels recommended for a 
sample of practical visual tasks, it will be well to 
discuss two general problems concerned with this 
method. The first of these concerns the application 
of the method to visual tasks for which there is 
luminance non-uniformity in the visual field. The 
second concerns the applicability of the perform 
ance data reported here to the population as a 


whole. 


Application of the Method to Visual Tasks 
Involving Luminance Non-Uniformity 
In the Visual Field 

It is important to indicate to what extent the 
present method of specifying lighting levels as 
sumes that the visual field of practical tasks is uni 
form in luminance. It should be emphasized that 
the laboratory studies on disc targets were con 
ducted with extended fields of uniform luminance, 
as were the studies in the Field Task Simulator and 
the analytical studies of field factors. Thus, the 


JUNE 1959 


Specification of Intcrior Illumination Levels 


standard performance curves presented in Fig. 23 
represent extended fields of uniform luminance. 

The VTE has an inner photometric field whose 
diameter is 2.3 degrees. Thus, when the operator 
evaluates the difficulty of a practical visual task, 
luminance non-uniformity of the background in 
the vicinity of the task influences the task difficulty 
as it would in actual performance of the task. 
When the standard dise is viewed within the VTE, 
it is presented on a field of uniform luminance. 
Determination of the value of the equivalent con- 
trast of each task thus takes full account of lumi- 
nance non-uniformities in the vicinity of the prac- 
tical task, and correctly relates each task to the 
standard performance curve for the four-minute 
dise, based upon fields of uniform luminance. 

If there are areas in the surround of the task of 
higher luminance than the task and its immediate 
background, the task will be more difficult than the 
VTE measurement indicates it to be, due to the 
effect of disability glare. Furthermore, the pres- 
ence of areas in the surround having lower lumi 
nance than the task and its immediate background 
will probably make the task more difficult than the 
VTE 
adaptational effects. We do not have at present 


measurement indicates, due to transient 
any quantitative method of dealing with the tran- 
sient adaptational effects, but we do have a quan 
titative method for dealing with the disability 
glare effect 

The method of allowing for the deleterious ef- 
fects of disability glare was described in principle 
in the author’s 1955 article.* It was shown that 
urves relating log contrast and log background 
luminance can be generated to represent various 
ratios between the veiling luminance produced by 
all the sourees of disability glare in the surround, 
and the luminance of the task and its immediate 
background. Curves representing different ratios 
between these quantities may be generated from 
the standard performance curve presented in Fig 
described in the earlier 


23, using the method 


article. Once these curves are available, we require 
a method of establishing the value of veiling lumi 
nanee actually produced by the surround of a 
given task. It is possible for the veiling luminance 
to be computed from the familiar disability glare 
formulation of Moon and Spencer,*' provided a 
considerable number of photometric measurements 
are made first. A much simpler procedure involves 
use of the proposed Fry Disability Glare Meter,* 
which yields direct values of the ratio of the veiling 
luminance to the luminance of the task and its 
immediate background. These ratios may be used 


with the new families of performance curves, to 


Blackwell 341 





compute lighting levels to be used when there is an 
appreciable amount of disability glare 
Non-uniformity of the distant surround of the 
task will also alter the difficulty of many visual 
tasks, due to reflected glare. This effect is properly 
assessed by the present method if the VTE meas- 
urements are made with the task in its realistic 
environment. As will be reported in Section VII, 
our measurements of sample visual tasks were 
mace in the laboratory with simple directional illu 
nination which was shown to be generally equiva 
lent to completely diffuse illumination. Thus, the 
lizht levels specified in the present paper assume 
the absence of reflected glare as well as the absence 
of disability glare. Recent measurements by Finch** 
and by Chorlton and Davidson** reveal the pres 
ence of considerable losses in task contrast when 
the tasks are measured under actual room condi 
tions. These results imply that the tasks are con 
erably more difficult than our measurements 
due to the effects of reflected glare. If 
ed glare cannot be eliminated, considerably 
more lighting must be utilized than is indicated 
in the present paper, to compensate for its dele 
The extent to which a reduction in 


terious effects 
task contrast by reflected glare will increase the 
required livhting may be determined directly from 
the performance curve presented in Fig. 23. The 
slope of this curve, on the log-log plots, indicates 
tly the percentage increase in luminance, and 
illumination, required to compensate for a 
per cent decrease in task contrast due to re 
flected glare. It is apparent that the performance 
becomes flatter at higher luminances. This 
eater percentage increases in light 
required to compensate for a one per cent 
contrast, the higher the initial level of 

lighting 
revealing. As 


Sample calculations will prove 


sume, based upon the Chorlton and Davidson 


study, that a 13 per cent contrast reduction can 


rABLE \ 
Compensate for a 13 Per Cent Loss in 
Task Contrast Due to Reflected Glare. 


IHlumination Levels Required to 


Illumination Needed in the 


Glare-free Illumination Presence of Reflected Glare 


{Footcandles) (Footcandles) 
l 18.9 
45.2 
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often occur due to reflected glare in actual class- 
The standard performance curve presented 
in Fig. 23 may be used to compute the illumination 


rooms 


levels required to compensate for this contrast loss. 


For the purposes of these calculations, a task re- 
flectance of 0.70 was assumed. The results are pre- 
sented in Table V. 
creases in illumination are required to compensate 


It is apparent that large in- 


for a 13 per cent loss in task contrast due to re- 


flected glare. 


Comments on the Population Sample 


Involved in the Present Researches 


It should be apparent from the descriptions of 
the experiments given above that only a few ob- 
servers were used. The major part of the basic 
laboratory data depend primarily, in fact, upon 
only two observers. We may well wonder to what 
extent these observers represent the population as 
a whole. It must be emphasized at once that these 
observers do not at all represent the population as 
a whole; they were selected to represent the best 


These 


two observers, and the others used throughout the 


possible visual performance to be found. 


present study, were young adults in the age range 
from 18-32 vears. They were all examined ophthal- 
mologically and were known to have excellent sen 
sory and oculomotor functions of every sort. Those 
observers needing slight refractive corrections were 
provided with the corrections during the experi- 
ments. All observers were intelligent enough to be 
snecessful as university undergraduate or graduate 
students, and all were well motivated 

Under these circumstances, the data reported 
here may reasonably be supposed to represent op 
timal performance. Presumably, older and younger 
observers may be expected to perform less well. as 
will most persons with mild or severe ocular de- 
ficiencies, as well as persons with less intelligence 
and motivation than our observers. Presumably, 
higher lighting levels will be required for the less- 
than-optimal performance to be expected from the 
bulk of the population. Extensive further experi- 
ments will be required to establish quantitative 
lighting needs for various segments of the popula- 
tion differing from our observers in the ways indi- 
cated. It is hoped that these experiments will in 
fact be conducted in the next few years. 


VIT. Evanvation or Practica Visuat TAsKs 


During January of 1958, various technical com 
mittees of the [IES selected what they considered 
tasks encountered in various 


important visual 


everyday activities and sent them to the Univer 
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sity of Michigan for evaluation and computation 
of lighting specifications for them, based upon the 
quantitative method deseribed above. In our evalu 
ation of the tasks, we mounted them in front of 
the VTE as shown in Fig. 21. We arbitrarily de- 
cided to illuminate each ordinary task with the 
35 mm slide projector shown in the figure, with 
the illumination striking the tasks at 45 degrees 
from normal to their surfaces. This illumination 
method was intended to eliminate specular reflec- 
tion. There were a few tasks which are normally 
seen by specular reflection; for these a specular 
highlight was deliberately provided. In most 
cases, the illumination was adjusted to provide a 
background luminance of 100 footlamberts in order 
to increase the precision of measurements by mak 
ing it possible to pool all measurements made on 
the standard dise targets. 

Initially VTE readings were made by three 
trained photometrists and illumination specialists 
Benjamin S. Pritchard of the University of Michi 
gan staff; Arthur A. Eastman of General Electric 
Co., Nela Park; and C. L. Crouch, Technical Direc 
tor of IES. Fourteen tasks were evaluated by all 
three operators. Operator Pritchard was found to 
give readings on the average less than two per cent 
different from the grand average obtained on all 
three operators. In order to simplify subsequent 
data collection, studies on the remaining 42 tasks 
were made by Pritchard alone. Pritchard’s data 
are used for the tasks he alone measured ; the aver 
age data for the three operators were utilized for 
The basic 


result in every case is a value of the contrast ot 


the fourteen tasks studied by all three 


the four-minute standard dise target of difficulty 


equivalent to the task. These values, known as 


equivalent contrasts and symbolized by (, may b 


utilized directly with the standard performance 
curve of Fig. 23 to compute luminance levels for 
the desired performance criteria. From reflectance 
measurements made at the time of evaluation, illu 
mination levels may be computed 

Before presenting the data, it will be well to 
report a supplementary study carried out to ascer 
tain to what extent the measurements obtained 
with the projector were equivalent to results ob 
tained under fully diffuse illumination. A hemi 
sphere was constructed from half of a 12-inch 
world globe, and coated inside with magnesium 
oxide A shielded source of light was added 
Measurements were made with the VTE under this 
comparison with 


condition of illumination for 


measurements made under 45-degree directicnal 
illumination with the projector. The samples that 


were studied represented type, pencil, and ink 
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writing on matte paper. The contrast values op- 
tained with diffuse illumination were divided by 
the corresponding values obtained with the 45 
degree diffuse illumination. The average ratio was 
1.01, suggesting that at least “non-specular” tasks, 
such as those selected for study, yielded equivalent 
values under the two types of illumination. 
Footcandle values assigned on the basis of the 
presently recommended standard performance sys 
tem are presented in Table VI. This system, and 
these values, were utilized by the LES Committee 
for Recommendations of Quality and Quantity of 
Illumination in preparing their report of the pres 
ent research to the LES Technical Committees.*° 
In May 


Lighting submitted a number of samples of school 


1958, the Joint Committee on School 


room visual tasks for assessment on the VTE 
Nineteen samples of spirit-duplicated material were 
made available from Massachusetts schools, as were 
five samples from Michigan schools. Since these 
samples all represent work sheets and are very 
much alike, it does not seem necessary to present 
the results obtained with each sample. The sam 
ples were graded in difficulty into two categories, 
with values of log equivalent contrast equal to .185 
and —.215, respectively. Using the currently recom 
mended standard performance curve, footcandle 
values of 2.14 and 141. were obtained for the 12 
easy tasks and the 12 more difficult tasks 

There is, of course, no simple way to evaluate 
the accuracy of the lighting recommendations mad 
with this system. At least for the present, it may 
have to suffice to evaluate to what extent these 
lighting values agree with our total experienc 
with various visual tasks. The adequacy of low 
footcandle levels for reading high contrast print 
certainly agrees with some evidence of the illumi 
nation needs of this task. The need for verv hich 
illumination levels for certain very difficult gar 
ment and textile tasks certainly agrees with our 
experience of wanting to take these tasks to the 
window or out-of-doors. The present data should 
stimulate considerable careful assessment of ac 
cumulated experience with various visual tasks 

A method for checking the internal consistency 
of the system, suggested by S. K. Guth and A. A 
Eastman, has been investigated. This suggestion 
involves determining the equivalent contrast for 
the standard four-minute dise for each of a number 
of non-specular tasks, then using a performance: 
curve, such as the one presented in Fig. 23, to estab 
lish illumination levels for all these tasks. The next 
step involves illuminating each task to the level 
specified in this way. If the method is internally 


consistent, it should now be possible to show that 
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each task has an equal supra-threshold visibility 
level. This condition may be readily evaluated by 
reducing each of the specially illuminated tasks to 
threshold, using the amount of contrast reduction 
required to bring each task to threshold as a meas- 
ure of supra-threshold visibility. 

This check of internal consistency was conducted 
for illumination levels based upon the present 
system for tasks Nos. 4, 7, 8, 9, 11, 29 and 30. The 
predictions of illumination levels were based upon 
the performance curve for 7 APS. (The perform 
ance curve used is of no importance to this check 
except insofar as the various performance curves 
differ in shape from one to another. The curve for 
7 APS, in fact, appears very similar in shape to 
the standard performance curve of Fig. 23.) The 
supra-threshold visibility factors for the seven tasks 
were averaged and the ratio of the factor obtained 
with each task to the average was computed. These 
ratios give a direct measure of the extent to which 
predicted illumination levels from the lighting 
specification system resulted in equivalent supra 
threshold visibility factors for the various tasks 
The ratios for the seven tasks were, in order: .94, 
97, 1.03, .90, 1.00, 1.04, and 1.13. The average de 
parture from a ratio of 1.00 was only .05, an aver 
age deviation of only five per cent. It is to be em 
phasized that the illumination levels specified for 
the various tasks varied from .4 to 339 footcandles 
This evaluation certainly suggests that the stand 
ard lighting specification system has internal con 
sistency. It suggests that the threshold perform 
ance curves for the seven tasks must be essentially 
parallel to that for the standard four-minute disc, 


presented for */; second. 


VILL. Furure DEVELOPMENTS OF THE METHOD 


As indicated in Section VI, it is recommended 
that the lighting specification system for current 
use should be based upon a level of visual capacity 
of 5 APS and a field factor of 15 for all visual 
tasks. These performance criteria represent con 
servative estimates for current use, based upon our 
best current knowledge of visual performance 
However, it was also pointed out in Section VI 
that it is entirely likely that different visual tasks 
actually require different levels of visual capacity, 
and that the conditions under which these tasks are 
different field 


should be used when specifying lighting levels for 


performed suggest that factors 
the various tasks. Of course, at present, there is no 
satisfactory factual basis upon which levels of visual 
capacity and field factors can be established for 
different tasks 
be required before it will be possible to make thes« 


Considerable further research will 
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assignments on a satisfactory basis, and it is hoped 
that suitable studies will be conducted during the 
next few years. A lighting specification system in 
which different levels of visual capacity and differ 
ent field factors are used for different visual tasks 
is obviously more complex than the system present- 
ly recommended. Its advantage is presumably that 
this form of application of the lighting specifica- 
tion method will provide lighting levels for indi 
vidual tasks with greater precision than is possible 
with the present system. As lighting technology 
advances, this precision may well be needed. 

It seems appropriate to develop, in this report, as 
many as possible of the basic tools which will be 
needed to utilize the lighting specification method 
in this way. Whereas it is not at present possible 
to describe the procedures to be used in assigning 
levels of visual capacity and field factors to indi 
vidual tasks, it is possible to develop the visual 
performance curves which will be needed for vari 
ous levels of visual capacity and various field fac 
tors. Performance curves for a wide range of levels 
of visual capacity and a wide range of field factors 
will be developed. Then, in order to illustrate the 
procedures to be used with this application of the 
lighting specification method, lighting levels will be 
determined for the 56 visual tasks described in See 
tion VII, based upon values of visual capacity and 
field factors selected by the author as intuitively 
reasonable. 

Obviously, these selections of visual capacity 
levels and field factors cannot be considered factu 
ally established, although all relevant factual ma 
terial will be used in a general way. Accordingly, 
the lighting levels specified for the various tasks on 
this basis cannot be considered factually dete: 
mined. Nonetheless, it will be instructive to follow 
through the determination of lighting levels for 
various tasks. Comparison of the lighting levels ob 
tained in this way and the lighting levels estab 
lished with the system recommended for current 
use will provide valuable insights into the general 
method being used for specifying lighting levels 

Let us begin by constructing visual performance: 
curves for various levels of visual capacity and for 
various field factors. As in the case of the standard 
performance curve recommended for current use 
we will begin by adjusting our performance data 
to correspond to 99 per cent accuracy, rather than 
50 per cent. As indicated in Section V, this adjust 
ment may be accomplished by the use of contrast 
multipliers, which are different for different levels 
of visual capacity. The contrast multipliers to bi 
used for the different capacity levels are obtained 
from the earliest account of the laboratory per 
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rABLE VII — Values of the Contrast Multiplier to 
Convert from 50 Per Cent to 99 Per Cent Accuracy. 


Log Contrast 
Multiplier 


j2s8 


Contrast 

t (Seconds) Multiplier 
j 2.13 

; 312 

265 


formance data These values are presented in 


Table Vil, for 


sure duration of the target. Log factors are pre 


convenience, in terms of the expo- 
sented, since we may allow for the effect of a con 
trast multiplier by adding the logarithm vf this 
multiplier to each value of log target contrast 
This amounts to sliding the contrast scale of 
yraphs like those in Figs. 8-12 by an amount equal 
to the log lactor. 

The analytical discussion of field factors con 
tained in Section III] provides a basis for deter 
mining the range of field factors which may ulti 
mately be needed to describe all visual tasks. In 
this account, it was argued that a field factor of 
2.50, which allows for the criterion difference be 
tween laboratory and common sense seeing, would 
always be needed. It was further argued that the 
requirements for visual guidance of the ocular ad 
justment mechanisms of accommodation and ver 
rence would normally necessitate a receptive field 
extending two degrees in each direction from the 
fixational center, which requires an additional con 
trast multiplier of 4.0. Thus, the field factor would 
be expected to be 10.0, provided the observer has 
rather complete information concerning the task, 
and provided the task occurs with reasonable regu 
larity When knowledge concerning the task is 
reduced, the field factor would have to be increased 
Some reduction in knowledge, whether of the time 
of oceurrence or the location of the task, would 
presumably increase the field factor to 15.0. Con 
siderable reduction in knowledge would presum 


ably imerease the field factor to 20.0. 


There may be conditions in which the observer 


has complet knowledge about the task and may 


not require an appreciable receptive field because 


rABLE Vill 
from 50 Per Cent to 99 Per Cent Accuracy and 
to Allow for Various Field Factors (FF). 


Values of the Log Factors to Convert 


Log Factor 
(Seconds) FFS5 FF 7.5 FF 10 
l 1.204 l 4 
] 1.186 l 
1.147 l 
l 
l 
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he is able to concentrate on no more than a few 
objects in the visual field. In these cases, the field 
factor may be reduced below 10.0 by reducing the 
factor needed to enlarge the receptive field. A total 
field factor of 7.5 would represent a factor of 3.0 
for enlargement of the receptive field. This would 
provide a receptive field somewhat greater than 1.5 
degrees in every direction from the fixational cen 
ter. A field factor of only 5.0 would represent a 
factor of only 2.0 for enlargement of the receptive 
field, which would give a receptive field measuring 
approximately 1.25 degrees in all directions from 
the fixational center. Field factors of 5.0 and 7.5 
probably represent values to be expected for tasks 
in which the usual receptive field is not required. 

On the basis of the preceding considerations, it 
was decided that field factors of 5.0, 7.5, 10, 15 and 
20 may be expected to cover the range to be ex- 
pected for various visual tasks. The threshold 
curves for the four-minute standard target pre- 
sented in Figs. 8-12 were adjusted to the 99 per 
cent accuracy level, and allowance was made for 
the five field factor values. The contrast multi- 
pliers to allow for the accuracy correction were 
multiplied by the various field factors. The result- 
ing constants were converted into logarithms, 
which may be applied directly to the threshold 
curves presented in Figs. 8-12. The factors are 
summarized in Table VIII. 

ine visual performance curves obtained by ap 
plying these factors to the threshold curves are 
presented in Figs. 28-32. Each figure presents a 
family of curves for a given field factor. The vari- 
ous curves are expressed in terms of visual ¢a- 
pacity (APS 


duration in seconds 


, Which is the inverse of the exposure 
Note that of the above expo- 


sure durations, only the 1-, '/i»- and so-second 
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Figure 28. 
four-minute standard dise target. 
Each curve represents a level of visual capacity, indi- 


Visual performance curves based upon a 
Field factor is 5. 


cated in units of assimilations per second (APS). 
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Figure 29. Visual performance curves based upon a 


four-minute standard disc target. Field factor is 
Each curve represents a level of visual capacity, indi- 


~ «= 
4.0. 


cated in units of assimilations per second (APS). 


When 


being constructed it became apparent that the '/s 


curves have been utilized the curves were 
second curve was too similar to the l-second curve 


The ? 


was omitted, since our analysis of visual capacity 


to be worthy of plotting 19o-Second curve 


in Section I suggested that perhaps 30 APS, cor 
responding to a '/s9-second exposure duration, was 
the maximum level of visual capacity under condi 
tions of normal use of the eyes. The data for the 


: duration 


ioo-Second exposure are presented in 
this paper so that they will be a matter of record in 
the event that future investigations reveal the need 
for levels of visual capacity greater than 30 APS 

In each of the figures, curves representing the 
15, and 20 APS levels have 


method of 


additional levels of 5, 
(The 


deseribed in detail subsequently. 


been ineluded. deriving these 


curves will be 


The 5 APS level of visual capacity is included be 


cause this level corresponds to the capacity to 
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Field factor is 15. 


Each curve represents a level of visual capacity, indi- 


Figure 31. 


four-minute standard dise target. 


cated in units of assimilations per second (APS). 
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Visual performance curves based upon a 
standard Field factor is 10. 


represents a level of visual capacity, indi- 


Figure 30. 


four-minute dise target. 
Each curve 


cated in units of assimilations per second (APS). 


assimilate about one item of information per fixa 


tional pause. The 5 APS curve appearing in Fig 
31, representing FF 15, is the curve which is pre 
sented earlier in Fig. 23 as the standard perform 


The 15 


and 20 APS levels are included because of the pre 


ance curve recommended for current use 
sumed importance of the range of visual capacity 
between 5 APS, which represents the assimilation 


of one item of information per fixational pause, 
and 30 APS, which may well be the maximum level 
of visual capacity with normal use of the eyes 

In order to construct performance curves corre 
sponding to the 5, 15 and 20 APS levels of visual 
capacity, it was necessary to obtain corresponding 
Threshold 


contrast values for a four-minute dise, for exposure 


factors 


threshold data and conversion 


durations of '/5, 1/15 and '/29 second were obtained 


by interpolation from the smooth eurves relation 


log threshold contrast to log exposure duration de 
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Figure 32. 


four-minute standard dise target. Field factor is 


Each curve represents a level of visual capacity, indi- 


cated in units of assimilations per second (APS). 
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TABLE IX — Relative Log Threshold Contrast Values 
for High Background Laminance Levels 
for a 4-Minute Dise Target. 


Exposure Duration (Seconds) 
Log B (fl) 1/15 1/20 


eloped during the process of data smoothing de 
seribed in Section Il. These curves were extended 
to luminances beyond 100 footlamberts on the basis 


if the recent data obtained at higher luminances 


Relative log threshold contrast values were inter 


polated from the values prese nted in Tables Il and 
Il, with the results shown in Table IX. These re 
sulting threshold data are presented in Fig. 35, 
gether with threshold data for durations of 1, 
9 and , second. It is apparent that the inter 


resulted in smooth appearing 


polation process 
urves of C versus B for these exposure durations 
The next step involved determination of contrast 
ultipliers appropriate to correct from 50 to 99 


t accuracy. Multipliers were interpolated 
values presented in Table VII, with the 
shown in Table X. The total log factors 
o econvert from 50 to 99 per cent accuracy, 
yw for various field factors, are presented 
XI. Use of the log factors contained u 
permits construction of performance: 

rv 5, 10, and 15 APS levels of visual ca 
These eurves hav been plotted in Figs 
along with the urves for other levels of 
isual pacity The families of performance 
es contained in these figures will make it pos 
a later date, for different levels of visual 
and/or different field factors to be util 


lichting sp fication 


ystems of 


d above, there is no adequate factual 
igning levels of visual capacity and 
» actual practical tasks at this time 
to illustrate the use of the fam 
curves presented in Figs, 28-32, 
valuate the 56 tasks de 
scribed in Section VI in terms of levels of visual 
apacity and field factors which may be applicable 
to each task. This evaluation will be intuitive 
based upon the general understanding of visual 
performance which has been developed in preced 
ing sections of this report 
Evaluation of the 56 tasks began with an at 
tempt to estimate a reasonable value of FF to as 
sume in each case. It was decided that the tasks all 
represented FF 10 and FF 15 All the tasks 


elected seemed to involve sufficient uneertaints 
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Figure 33. Smoothed threshold contrast curves for a 
four-minute diameter standard dise target. Each curve 
represents a different exposure duration in seconds. 


as to where the task would appear, or a sufficient 
need for sensory guidance of the oculomotor ad- 
justment mechanisms so that the enlargement of 
the receptive field represented by values of the field 
factor equal to 10 or more was indicated. The tasks 
where there was complete knowledge of the loca 
tion of the task, such as reading, were considered 
to require FF 10 


information as to the exact location or time of 


The tasks involving some lack of 


occurrence of the task, such as inspection of gar 
ments for pattern threads, were considered to 
require FF 15 

It was assumed that a visual capacity of 30 APS 
should be provided in each case, unless there were 
evidence of either information limitation or re 
sponse limitation in the task. Continuous reading 
tasks involving no overt response component were 
considered to be capable of performance at a 30 
APS level 
transcribing shorthand were considered to be re- 
sponses limited to the 15 APS level. Tasks in 


little information 


However, such tasks as reading while 


which there is comparatively 


available, such as reading price tags, were consid 


TABLE X — Values of the Contrast Multiplier to 
Convert from 50 Per Cent to 99 Per Cent Accuracy. 


Contrast Multiplier 
1.98 
1.87 
1.86 


t (Seconds) 


TABLE XI — Values of the Log Factors to Convert 
from 50 Per Cent to 99 Per Cent Accuracy 
and to Allow for Various Field Factors. 


+ (Seconds) FF5 FF 7.5 FF 10 FF IS 
196 1.172 1.297 1.473 

70 1.146 1.271 144 

1.145 1.270 1.446 
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ered to be information limited to the 15 APS level. 
Inspection tasks in which there is very little infor. 
mation, such as looking for pocket stitching on a 
shirt, were considered to be information limited to 
the 10 APS level 


ing for a broken thread on a spinner bobbin, were 


Inspection tasks, such as look- 


considered to be severely information-limited to a 


level of visual capacity of only 5 APS. 


In order to establish lighting le vels for each task. 


the value of log C for each task was entered on the 


performance curve representing the estimated level 
of visual capacity and field factor. A log lumi- 
nance value was determined for each task. Requi 
site luminance levels for the specular tasks were 
obtained directly from these values, whereas requl- 
site illumination levels for the non-specular tasks 
were obtained by allowing for the task reflectance 


Illumination values for the non-specular tasks, 


TABLE XII — Non-Specular Visual Tasks Requiring Field Factor 10. 
Values of Illumination (Footcandles) for 99 Per Cent Accuracy. 


Task Description Log Cc 


while vriting Sam pie 


grade student 


writing sampeie 


grade studer 


Visual Capacity (APS) 
30 20 15 10 


TABLE XIII — Specular Visual Tasks Requiring Field Factor 10. 


Values of Luminance (Footlamberts) for 99 Per Cent Accuracy. 


Task Description Log C 
14° 
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Visual Capacity (APS) 
30 20 
KI 


RI 
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iminance values for the specular tasks ob luminance value corresponding to the level of 

his way are presented in Tables XII, visual capacity considered to be requii “d by each 

NIIL, and XIN In each case, the log equivalent task is italicized. Reduction of the required level 
( s 2 n. The task reflectance is given of visual capacity to less than 30 APS by response 

non-sp ir tasks. The illumination or limitation and information limitation is indicated 


FABLE XIV Non-Specular Visual Tasks Requiring Field Factor 15. 


Values of Illumination (Footcandles) for 99 Per Cent Accuracy. 


T Visual Capacity (APS) 
N Task Description Log G R 30 20 15 10 5 ! 


7 rT 1! 1! 7.3 


IT 1.26 
I! 4 
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abbreviations RL and IL, respectively. 


XII contains values for the non-specular 


by the 
Table 

tasks for which FF 10 was considered appropriate, 
whereas Table XIII contains data for the specular 
Table XIV 


contains data for non-specular tasks for which FF 


tasks for this value of the field factor 
15 was considered appropriate Illumination and 
luminance values have also been determined for 
levels of visual capacity less than the level consid- 


ered to be required by the task. These determina- 
tions were made for progressively smaller levels of 
visual capacity down to l APS, until all illumina- 
tion levels for the non-specular tasks were less than 
50 footeandles, and all luminance levels for the 
specular tasks were less than 100 footlamberts 


These 


visual capacity provided various tasks by levels of 


data make it possible to assess the level of 


liehting less than those specified on the basis of 
levels of visual capacity and field factors consid 
ered appropriate to each task 

It may be of interest to compare the lighting 
levels established for each task from these estimates 
of appropriate levels of visual capacity and field 
factors with the levels based upon the lighting 
specification system recommended for current use 
The values are presented for comparison in Table 
XV In most cases, the differences are not large 
The method based upon selected levels of visual 
capacity and selected field factors specifies illumi- 
nation levels for ordinary reading tasks which are 
more in line with past recommendations. On the 
other hand, tasks 10, 11, and 13 seem to give ex- 
tremely high footcandle values with the method of 
selected levels of visual capacity and field factors. 
It is not worthwhile speculating on the significance 


of these differences until further studies have been 


made of the processes of assimilating multiple 
items of information in each fixational pause, and 
factors required for various visual 
In order to evaluate the feasibility of a lighting 
specification system which requires selection of a 


level of 


task, we need information on the extent to which 


visual capacity and a field factor for each 


levels depend upon the precise values 


selected. It may be noted from the curves in Figs. 
25-32 that the variation in field factor from 5 to 20 
has approximat ly the same effect upon the stand- 
ard dise data as a variation in APS from 1 to 30. 
It should also be apparent from the curves in the 
figures that the effect of variations in FF or APS 
lower the value of the 


is greater, the equivalent 


contrast of the task 

A more quantitative assessment of the effect of 
the selection of FF and APS levels may be 
by reference to Table XVI 


performing a given task were 


made 
Values of the lumi- 
nance required for 


Specification 


of Interior Illumination Levels 


TABLE XVI — Light Factors for Various FF and 
APS Values. 


A. log C — .300; Values relative to 549. footlamberts 
FF APS 
30 20 15 10 5 l 
5 151 0419 .0190 00741 00315 00132 
7.5 1.90 .295 .105 0318 0102 00282 
10 .75 2.46 575 129 0450 00589 
15 75 >5.75 »5.75 5.75 1.00 0345 
20 5.75 >65.75 >5.75 5.75 7 25 
B. Log C —.150; Values relative to 32.7 footlamberts 
FF APS 
30 20 15 10 5 i 
° 542 211 107 0494 o244 0121 
7.5 3.24 929 412 156 0597 0244 
10 22.3 3.36 1.27 421 145 0437 
15 96.9 >96.9 16.9 3.70 1.00 124 
20 96.9 96.9 >96.9 40.4 10.7 422 
C. Leg C 0; Values relative to 5.76 footlamberts 
FF APS 
30 20 15 10 5 i 
5 975 473 262 138 0735 0389 
7.5 3.80 1.45 -722 328 155 0758 
10 14.5 3.98 1.79 .720 300 126 
15 208 27.3 9.55 3.02 1.00 274 
2 550 230 53.6 2.3 4.35 563 
D. Log C + .200; Values relative to 1.47 footiamberts 
FF APS 
30 20 15 10 5 i 
5 1.26 673 435 244 136 0795 
7.5 3.16 1.65 934 495 255 139 
10 7.76 3.36 1.76 851 436 219 
15 44.8 13.3 5.92 2.45 1.00 454 
20 223 41.3 17.0 6.09 2.21 762 
E. Log C + .400; Values relative to .562 footiamberts 
FF APS 
30 20 15 10 5 I 
5 1.45 773 540 310 184 116 
7 2.91 1.61 1.05 591 322 191 
10 5.56 2.85 1.71 938 515 288 
15 17.1 7.66 4.12 2.03 1.00 535 
20 47.8 17.6 8.52 78 1.82 855 


computed for each of the FF and APS values rep- 


resented by the eurves in Figs. 28-32, 


for each of 
five values of log equivalent contrast of the task. 
“Light factors” were computed, representing the 
ratios of the luminances required for given values 
of FF and APS to the luminance required for the 
FF 15; 
rent standard. These factors illustrate, most sim- 
ply, the effect of the choice of FF and APS level 


upon the illumination level required for non-specu- 


5-APS eondition recommended as the cur- 


lar tasks and the luminance level required for 
specular tasks. 

It is apparent from Table XVI that varying FF 
from 5 to 20 or varying APS level from 1 to 30 can 
vary the light factor by as much as 1000. The 
range of values of log @ contained in Table XVI 
includes approximately two-thirds of the values 
obtained in VTE assessment of the 56 practical 
tasks, so that the light factors presented in the 
table give a reasonable estimate of the effect of FF 
and APS levels for all the tasks studied. This 
analysis suggests that it is going to be necessary to 
precise procedures for selecting 


develop fairly 


values of the visual capacity level and the field 
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factor, if the system is to have reasonable precision. 

Of course, the light factors presented in Table 
XVI may be used to estimate the lighting levels 
which would have been recommended for the 56 
tasks, had different levels of capacity and/or a 
different field factor been selected. 

For example, consider task 9, for which log C 

397. The illumination level specified by the FF 
15, 5 APS-system is 0.97 footcandles. Suppose the 
illumination level were desired corresponding to 
the FF 10, 30 APS condition. The value of log C 
+ .400 in Table XVI is the most similar to the log € 
value of the task. The light factor for FF 10 and 
30 APS is 5.56. 
0.97 5.56 
level actually computed for the FF 10, 30 APS- 


condition is presented in Table XII as 5.22 foot- 


The estimated illumination level is 
5.38 footeandles. The illumination 


eandles. Similarly, task 45 has a value of log c= 

- .283. We may estimate the luminance for this 
specular task for the FF 10, 15 APS-condition 
from the value for the FF 15, 5 APS-condition 
given in Table VI as 447. footlamberts. The light 
factor for log © = —.300 is nearest the log € value 
for the task; it is given in Table XVI as .575. The 
luminance is, therefore, 447. X .575 = 257. footlam- 
berts. The value obtained by precise calculations, 
and presented in Table XIII, is 245. footlamberts. 
Use of the light factors presented in Table XVI 
results in a close approximation in these cases, 
since the value of log € for the task in each case so 
nearly approximated a value contained in the table. 
Since there are five values of log C presented in 
Table XVI, it will usually be possible to come rea- 
sonably close by applying the light factor corre- 
sponding to the most nearly equivalent value of 
log ( 

Of course, it will be possible to come even closer 
by use of linear interpolation between the light 
factor values contained in Table XVI. The follow- 
ing are illustrations of this technique. Consider 
task 48a, for which the value of log C is —.233. 
The luminance for this specular task for the FF 15, 
5 APS-condition is given in Table VI as 148. foot 
lamberts. The light factors for conversion to the 
FF 10, 15 APS-level are 1.27 for log C 150 
and .575 for log C 300. The light factor value 


obtained by linear interpolation is .885. Lumi 


VY 


nance is therefore estimated as 148. X .885 = 131. 


footlamberts. The value obtained by precise eal- 


culations is presented in Table XIII as 120. foot- 


lamberts. Similarly, for task 30, the value of 
log C + 127. The illumination for this non- 


specular task for the FF 15, 5 APS-condition is 
given in Table VI as 3.10 footeandles. The light 
factors for conversion to the FF 10, 15 APS-level 
are 1.79 for log € = 0 and 1.76 for log € = +.200 
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The light factor obtained by linear interpolation is 
1.77. The illumination is therefore estimated as 
3.10 X 1.77 5.48 footeandles. The value obtained 
by precise calculations is presented in Table XII as 
5.36 footcandles. These examples illustrate that use 
of interpolation between the light factors presented 
in Table XVI leads to satisfactory estimates of illu- 
mination and luminance levels for different values 
of FF and APS than those for which calculations 


have been reported 
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= ARCHES on the amount of light re- 


quired for visual tasks are recorded in this issue 
see page 317). Even as to quantity of illumina- 
tion, however, the questions have not as yet all been 
answered. Dr. Blackwell’s tests were conducted 
with twenty-year-old subjects — what of older or 
younger eyes? Or eyes with subnormal vision? 
How much light does the eye need for focusing, 
with a minimum of fatigue? What is the limit of 
tolerance? What of discomfort glare? 

These and other problems in the relationship 
between lighting and vision are the subjects of con- 
tinuing study sponsored by the Illuminating Engi- 
neering Research Institute. Scientific progress 
reported at the Dearborn Symposium includes the 
unveiling of a new portable meter for measuring 
disability glare, developed by Dr. Glenn A. Fry, 
Professor of Physiological Optics at Ohio State 
University ; and a similar meter for measuring dis- 
omfort glare, the work of Dr. S. K. Guth, Man- 
ager, Radiant Energy Effects Laboratory of Gen- 
eral Electric in Cleveland (see page 398 

Still other research projects currently being 
sponsored, and some nearing completion, include 
studies in the fields of glare from large light 
sources, roadway lighting requirements, an exten- 
sion of fog studies, reflections from glossy materials 


and color preferences. 


Glare From Very Large Sources 

An interesting feature of this research is that it 
is being conducted simultaneously in England and 
the United States. It is an outgrowth of earlier 
studies by Dr. Ralph G. Hopkinson, Principal 
Scientific Officer, Building Research Station in 
Garston, England. With the increasing use of pic- 
ture windows in homes, glass-sided office buildings 
and large luminous panel lighting systems, Dr. 
Hopkinson extended his researches, two vears ago, 
under TERI auspices. His American colleague is 
Robert C. Bradley, Research Associate, Cornell 
School of Electrical Engineering in Ithaca, N. Y. 
Similar experiments are being conducted in both 


laboratories. 


ILLUMINATING ENGINEERING 











Dr. Ralph G. Hopkinson, Principal Scientifie Officer, 
Building Research Station, Garston, England, with his 
original study equipment at his British laboratory, left. 


The experimental arrangement is based on a 
very large uniform source consisting of a bank of 
closelv-packed fluorescent lamps whose light is dif- 
fused by an opal sereen, so presenting a large sur 
face of uniform brightness to the observer. A sys 
tem of dimmers permits control of the luminance 
of this source. A series of masks placed over the 


} 
‘ 


source and the distance or the observer from the 


Surround 


screen provide a range of source 


SIZeS 





Visual Task Evaluator at beginning of a roadway test. 
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At right, he assembles the larger, 7-foot-square, equip- 
ment for the Cornell University counterpart of his glare 


study, where work is being conducted by R. D. Bradley. 


luminance is supplied by other fluorescent lamps, 


? 


also on dimmers, set in a system of sereens such 


that a substantially uniform surround luminance: 
seen by the observer with as little interference with 
the source luminance as possible. Results thus far 
indicate that brightness from the screen is less un 
fortable if the surround is also lighted 

Another LERI project recently completed by the 
Hopkinson-Bradley team covers Estimation of Dis- 
comfort Glare Magnitude. This study, a by-produet 
work on glare from large sources, is sched 


of the g 
August 


uled for publication in th 1959 issue of 


ILLUMINATING ENGINEERING. The report includes 


very promising results of numerically evaluated 


estimations on glare sensation made by “naive” 


observers Experience has shown that non-scien- 
tific people can make these judgments more readily 


than those trained in the mathematical sciences. ) 


Roadway Lighting Requirements 


This project, at the Institute for Researe] 

Vision at Ohio State University is a direct out 
come of the development of the Blackwell Visual 
Task Evaluator At the request of the IES Road- 


| 


way Committee, this instrument has been adapted 


to measure perce ptibility of objects at various dis 


tances under existing lighting conditions on an 
average roadway. How much light +s necessary to 
see obstacles in time to stop a ve hicle safely lrom a 
speed of 30 miles per hour, 40, or perhaps 50 miles 
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per hour \ life-sized three-dimensional figure of 
in ll-vear-old girl and her black Scotty dog ar 
tl sub s for observation in these tests, by ob 
servers 25 feet away with instruments placed in 
th y position Of an oncoming cal 


Visibility in Fog 


Fog 1 major problem on many high-speed 
turnpikes s being tackled by a two-phase pro 
ram at Pennsylvania State University, University 
Park. Pa ind at Ohio State I niversity in Colum 


' P nh previous studies sponsored 
by LERI at the University of Michigan, had estab 


shed irves showing that the degree of scatter 





Seale model “fog-box,” about 35 feet long. 


odh Sfatus of 


Othe IERI Projects 


Dark-coated model — size of an aver- 
age ll-year-old girl — and her black 
Scotty dog, placed close to the testing 
device for a trial run in the studies of 
perceptibility under existing roadway 
lighting in Columbus, Ohio. 


effect is greater when fog is illuminated by beams 
of light parallel to the observer’s line of sight and 
that it is less as the beams approach a line per 
pendicular to the observer’s line of sight 

In putting these data to a practical test, Prof. 
Charles Marsh, at Pennsylvania, simulated a turn- 
pike roadway in a 50-foot army tent. He had 
earlier developed a simulated fog, with all the quali- 
ties of nature’s own product, and this was intro- 
duced in controlled amounts into the tent, through 
pressure jets at the side of the installation. 
Through tests with assorted types of lighting in- 
stallations, it was shown that visibility through 
fog can be inereased up to 100 per cent by lower- 


ing ear lights to bumper level, by introducing 





Before fog enters test box from jets. 
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Fog equal to 60-foot visibility. Overhead lighting 
approximates a turnpike installation. 


lighting from the side of the road slightly above 
the surface of the turnpike and by narrowing the 
beam of overhead lights and directing them down- 
ward. Each of these techniques brings the light 
beam closer to a line perpendicular to the ob 
server’s line of sight. 

Conducting his experiments with the same line 
of thinking, Dr. Blackwell and his aides at Ohio 
State have constructed a scale-model *‘*fog-box”’ 
about 35 feet in length. Results obtained with this 
8:1 scale model can be seen from the photographs 


of the tests shown above 





Fog equal to 60-foot visibility. Lighting is improved 
with use of downlights. 


Reflections from Glossy Materials 

Even so-called non-glossy surfaces can produce a 
surprising loss of contrast and, therefore, of visi- 
bility. Two projects now being completed have 
investigated methods of measurement of the degree 
of loss of contrast under given lighting systems. 
At the University of California, Prof. Dan M 
Finch has arrived at his results by sweeping a 
pencil of light through a series of planes and meas 
uring the reflectance from background and detail 


at a series of angles. In this way, the degree of loss 





Photograph of a boy’s handwriting on matte paper with 

glossy reflections of the overhead lighting. 65-degree 

incident light; 25-degree viewing angle (25 degrees to 
normal). 
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The same sample of handwriting with the light directed 
to minimize glossy reflections from the paper back- 
90-degree incident light; 25-degree viewing 


angle (0 degrees to normal). 


ground, 


qv 
~) 
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of contrast in any given lghting 
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In Toronto, Ont 


KY. Da 
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Board of Eduea 


urtis Lighting of Canada, Ltd., respec 


with the 


have been reaching similar conclusions by 


visually measuring loss of contrast 


their studies in a typical public school 


lassroom, they made their physical measurements 


student’s normal eye position 


pplying the Blackwell report data to tl 


losses of contrast, compensation can be 


the level of illumination by a 


: ' 
amount (hr losses can be reduced by 


the downward ‘omponent ot the light 


Color Preferences 
What effect do stimu 


lus-background combina 
What 
distributions of 


What venerali 


relation of domi 


olor prete 


rences relation 1s 


spectral energy 


easantness of olors 


nade re 


and 


garding the 
sources of illum 
These 


t the 


purity ot 
questions are 
University of 
Helson 


group o! 


Dr. Harry 
by a large 
on standard Mun 
hues, lightness and 
are made in light-tight 


ech of several different 


on the pleasantn Ss Ol 


s\ stem can be 


the samples and of the sample-background combi- 
nations. By modern statistical methods it is pos- 
sible to analyze the trends in color preferences as 
related to the various background colors. No report 
has as yet been made on the findings of this recent- 
lv initiated study. 


Transitional Adaptation 


Another project recently begun, for which it 1s 
still too early to report results, is that going on at 
the University of Rochester under the direction of 


Dr. R. M The 


problem being investigated is the change in the 


Boynton, Professor of Psychology. 


ability of the eye to see objects immediately when 


moving from a dark area to a light area or vice 
versa, such as looking out the window and back to 


the work, or entering or leaving a tunnel 


For the Future 


Five 


I hese are 


other new projects have been contracted 


Visual studies using the field task simulator, 


Measurement of school tasks and study of 


wulomotor functions (focusing 
}) Development of a prototype Visual Task 
Evaluator for field use, 

4) Extension of the earlier work with the field 
Visual Task 


include dynamic use of the eyes, 


task simulator and the Evaluator to 


5) Development of instruments for studying 
illumination requirements of persons who are visu- 


ally handicapped 
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Recommeded Levels in 
Current Practice 


e Industry 
°e Offices 


e Schools 


A: THOUGH a survey ol industry opinion (see page 374 mal 


‘ates only a small percentage of current installations meet current 
recommended levels, there are, nevertheless, a goodly number which do. 
Since virtually all these installations preceded the publication of th 
new IES footcandle recommendations, it would appear that, to some 
extent at any rate, actual practice has been in advance of science. Since 
it would also appear that these pace-setting lighting installations occur 
most frequently in industrial areas and offices where any gain which 
may be attributed to lighting can most easily be appraised — it might be 
concluded that field experience has long corroborated what research 
indicates is needed for fast and accurate seeing 

It goes without saying, of course, that the key to the succe 
installation meeting curre vels has been the application of a 
principles of good lighting. Shielding direction reflectances 
trol brightness ratios in a word Hluminating cngineerinag 
more important than ever. And they’ve always bee 
anything greater than moonlight. To these micht 
priate design for the area lighted consideration 
brick, marble, whatever esthetic appre 
sign an eye to pleasantne SS 
md. 

A garnering, countrywide, of 


rent levels, turned up some examples in al 
practice. Three of these areas are featured on th 
stores, banks, public buildings, outdoor areas anc 


in the July.and August issues 
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Rough assembly work in the manufac- 
ture of large valves is done in this 
13,000 square foot area. Porcelain 
enamel industrial fixtures with 25 per 
cent upward component are mounted 
on 15- by 20-foot centers and use 8- 
foot extra-high-output lamps. Walls 
are light green, ceiling is white, floor 
is cement. Illumination level is 60 
footeandles, (A) 


Benefits accruing from lighting installations which meet IES 
recommendations in industry are probably more evident, and docu- 
mented, than in many other areas. Records show that increased 
production, fewer rejects, faster inspection and reduced number of 
accidents often offset the cost of the installation in a very short 
time — to say nothing of improved worker morale, 

Since, in most industrial areas, the task does not vary consider 
ably over the work day or week, these records are valuable con 
firmations of the importance of both the quantity and quality 

INDUSTRY illumination recommendations. 

It should be noted again that, as in all other types of areas, the 

recommended levels of illumination are minimum on the task at 


all times. Maintenance programs should probably be on a more 


frequent schedule for industrial installations than in most others, 


Many industrial operations have been found to require illumi 
nation levels far above those practicable, or necessary, for general 
lighting. In these cases supplementary lighting may be required to 
meet the stipulated conditions 

(Photo credits for this section are on page 363, keyed to the 


letter at the end of each caption.) 


A combination of two four-lamp fluo- 
reseent systems provides 500 foot- 
candles on the work plane in an air 
eraft assembly area. Fixtures sus- 
pended 5 feet over the benches have 
ega-crate louvers and use 8-foot high 
output lamps. Other units, mounted 
on the ceiling, are equipped with 8- 
foot slimline lamps. (B) 
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Recommendations for 
Some Typical Tasks in Industry 


Currently 
Recommended 
Ilumination* 
Footcandles 


ASSEMBLY 
Rough easy seeing 
Rough difficult seeing 
Medium 
Fine 
Extra fine 


INSPECTION 
Ordinary 
Difficult 
Highly difficult 
Very difficult 
Most difficult 


MACHINE SHOPS 
Rough bench and machine work 2 
Medium bench and machine work, ordinary auto Extra-high-output lamps in industrial fixtures supply 


matic machines, rough grinding, medium buffing 60 footeandles after 1600 hours, in a cable warehouse. 
and 0 i 


machine work fine automatic (C) 


medium grinding fine 


MATERIALS HANDLING 
Wrapping, packing abelir 
Picking stock, classifying 
La g, trucking 


k bodies and fre 


STORAGE ROOMS OR WAREHOUSES 
In 


ABRICATION 


specialized 
ep within the 


tas generally involve 


periods of time and under 
the required illumination : 
ndicated plus specialized 


zn and installation of 


suMcient amount of 


ind eye pr« 
i reflect 


ed 
Four-lamp louvered luminaires with 35-degree cut-off 


using 8-foot slimline lamps provide 155 footeandles in 
a machine shop. (D) 








General lighting level in maintenance 


area is 70 footeandles from two-lamp 





aluminum units with upward compo- 
nent, using extra-high-output lamps. 
Here fixture spacing is 12 by 12 feet 
at mounting height of 19 feet. In the 
meter area in the rear, 100 foot- 
candles are supplied by continuous 
rows of the same fixtures. Benches 
and floor have light surfaces. (CE) 
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Mounting height is 30 feet in the storage bin area on 
the left, and 40 feet in the heavy storage area at right. 


Iwo-lamp 8-foot units with upward component are 
spaced on 15- by 25-foot centers. Average maintained Levels of 500 footeandles maximum and 300 foot- 


level is about 25 footeandles. (F) candles average allow this machine operator to inspect 
the work while sitting on his machine, in a grinding 
operation to remove scale and surface defects from steel 
blooms and ingots. A total of 81 300-watt PAR5S6 
medium flood lamps are mounted on 27-inch centers, 
9 feet above the floor and 6 feet from the work. (CG) 


Mercury and fluorescent sources here combine in a 

high-bay area (right) of a locomotive works, to provide 

a maintained level of 60 footcandles. Two-lamp 8-foot 

extra-high-output fluorescent units alternate with two- 

lamp 400-watt HILK improved-color mercury lumi- 

naires. Units are spaced on 18'4- by 12'.-foot centers 
and are mounted 47 feet above the floor. (H) 


Loading operations and truck move- 

ment are carried on under 30 foot- 

eandles illumination from two-lamp 

8-foot units with upward component, 

using extra-high-output lamps. Mount- 
ing height is 28 feet. (1) 
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Average illumination in this 903- by 
320-foot manufacturing area is 80 
footeandles. Porcelain enamel indus- 
trial fixtures with upward component 
are mounted in rows on 20-foot cen- 
ters with 2 feet between units, at 30 
to 40 feet from the floor. Lamps used 
are 1458 extra-high-output and 726 
high-output cool white fluorescent. (J) 


Rough bench and machine work is 

done in this plant area where 80 foot- 

candles are supplied by two-lamp 8- 

foot extra-high-output lamps in indus- 
trial fixtures. (K) 


4 combination of 1000-watt improved-color HI5GW 
mercury units and 8-foot T12 high-output fluorescent 
fixtures is used on a 480 277 distribution system in this 
turbine building. Average illumination is 110 foot- 
candles. Units are mounted at 30 feet. (L) 





Photo Credits — Industrial Areas 
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Flexibility in use of office space is 
provided by the use of movable parti- 


tions, with overall luminous ceiling. 


Level is 100 footeandles. 
used over corridor 


Louvered re- 


cessed troffers are 
area. (M) 


e OFFICES 


\ Ssiiad 


in installation meets recommended practice initial 


frequently of the type 
over short periods of ly, the levels must be maintained through proper 
executive may, one moment, cleaning, re-lamping, re-painting 
All the quality principles for efficiency and com 


letter and 
matte sur 


be tort recommended 
faces for office equipment, shielding of luminaires 
In fact, 


fourth carbon Opy ofa 
brightness ratios, 


ribbon copy. A draftsman may 
in old blueprint and his next job will 


This diversity apply, of course, with the new levels 


om a clear photostat 
important than ever 


will probably be more 


rooms they 
current lighting 


The application of 
the quantity and quality of lighting 


holds true also for conference 
practice To 


asa 


as 
[ES recommended levels of achieve both 
require imagination 


h imstances 


should conform to the need of the most oftices may 


recommended in 
and foresight in addition to engineering skills 
page 67, 


performed in the area. These 


task to be | 
in addition 
task at all times Where 


for this section are on 


Photo eredits 


all contain the stipu 
keued to the letter at the end of each caption 


enadations 


i 


TERIAL ALLL rhe 


. 
eee sete eee 
“* 


Dimensions are 18 by 30 feet with an 18-foot ceiling in 
a recently partitioned area, where levels of 130 foot- 
candles were measured on desk tops after five months 


Extra-high-output lamps are used in four 
fixtures with 24- by 30- 


Illumination levels of from 75 to 85 footeandles are 


provided on the center table in this conference room, 
and 100 on a wall display table. Ceiling-mounted units 
with plastic diffusers are arranged in a center panel and 
Maximum brightness ratio, from task on 


operation. 

two side rows. rows of two-lamp suspended 

center table to side rows at 30 degrees, is less than 6:1. degree shielding and 25 per cent uplight. O) 
(N) 
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Recommendations for Offices 


Currently 
Recommended 
Hlumination* 
Footcandles 


irtography lesignin ‘ ‘ ftir 200 


‘counting iuditing, tabulating 
ness machine operation, reading 
rough layout draftir 


Regula office work 
reading « transer 


or on poor paper 


Approximate lighting level of 175 footeandles is sup- 
plied in this drafting room. Egg-crate luminous ceiling 
is suspended below 40-watt fluorescent lamps in single 
and double strips, alternately, on 18-inch centers. (P) 


Secretarial area has 70 to 80 foot- 
candles on the desks, using ceiling- 
mounted units. A row of similar units 
along the wall, in visitors’ waiting 
area, highlights decorative plaque. (Q) 


A total of 152 two-lamp louvered 
troffers provide an average maintained 
level of 135 footeandles after a year 


and a half of operation in this 2540- 


square-foot general office, Light sur- 


f: are used throughout, (R) 
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Iwo levels of illumination 80 and 
160 footeandles maintained — are pro- 
vided in this Board of Directors room. 
Recessed units have 2- by 2-foot 


double vinyl plastic diffusers. (5S) 


Private office is lighted to levels of 440 
to 520 footeandles on the desk with 
200 on the telephone table. Light- 
colored surfaces insure good bright- 


ness ratios. (T) 





= 
a 


. aa ~~. 


A “floating” panel of four 8- by 7-foot units gives a 
wall attach. 


General office area of approximately 1100 square feet 


has average lighting level of 155 footeandles, from sur- dropped ceiling appearance without any 


face-mounted luminaires with plastic diffusers. Dark file ments. Shielding is composed of polystyrene plastic 
cabinets do not meet TES recommendations. (U) dishes. Illumination level is about 100 footcandles. (V) 
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Ceiling-mounted luminous panels are 
used as an element of decorative de- 
sign, in addition to supplying 140-150 
on the desk and 120 at 
the telephone table. (W) 


footeandles 


A higher than usual reflection factor 
of 75 per cent was selected for walls 
of this drafting room, to reduce the 
brightness ratios with the corrugated 
plastic luminous ceiling. Average foot- 
on the 
desks 
(X) 


maintained drafting 


190, 


wall, 


candles 


tables are on along the 


150. 
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Recessed four-lamp units with low- 
brightness white erystal glass diffusers 
provide up to 170 footeandles in an 
engineering drafting room. Vertical 
louvers give protection in long win- 
dow wall. Surfaces are light. (Y) 


Four rows of suspended units, 121% 

inches from ceiling to bottom of fix- 

ture, are spaced on 4-foot centers and 

supply 135 footeandles on the desk. 

Walls are of light mahogany panel- 

ing; ceiling, acoustical tile; rug is 
beige. (Z) 





Average illumination in this 7581- 
square-foot general accounting depart- 
ment is 135 footeandles. Rows of 
three-lamp recessed troffers, with 
plastic lens diffusers, are spaced on 


8-foot centers. (AA) 
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Ceiling-mounted fixtures, with diffusing louver shield- 
ing and four 40-watt rapid-start lamps each, provide 85 
30-foot (BB) 


footeandles in this 28- by classroom. 


Photo credits for this section are on page 371, 


keyed to the letters at the end of each caption.) 


is to footeandles 


Lecture (below) lighted 115 
maintained by a large luminous element composed of 
The unit is so mounted 


room 


i-foot-square louvered panels. 
as to give a dropped-ceiling effect. Louvers provide 45- 
(CC) 


by 45-degree shielding. 
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e SCHOOLS 


In the usual educational set-up, as in offices, a 
great variety of visual tasks are performed in a 
single classroom. And the lighting must be planned 
the difficult. 
hours, daylight can be utilized to supplement the 


for most During normal classroom 


lighting installation, and the control of daylight 
through proper shielding should be considered a 
part of the lighting engineering 

As public institutions, however, classrooms are 
often used for community activities or adult educa 
tion programs at night, and the electric lighting 
installation, alone, must provide adequate levels for 


the visual tasks involved 


Iilumination levels for schools have been excerpted 


from the JES Lighting Handbook, Third Edition. 


Currently 
Recommended 
Ilumination* 
Footcandles 
Reading printed 
Reading pens 
Spirit dup ated t i 
Good 
Poor 
Drafting, benchwork 
I reading halkboards, sewing 1 
Minimum on the task at any time 
Obtained witl ee nation of genera hting pl 1 slized 
supplementary hting. Care should aken to keep hin th 
recommended brightness ratios. T) ing tasks general ' 
the discrimination of fine detail for n riods of tir sand unde 
conditions of po contrast To provide the required illumination 
a combination th nera htir indicated plu specialized 
supplementary ghting is necessary rhe design and installation of 
the combination system must not only provide a sufficient amount « 
light, but also the proper direction of light, diffusion and ¢ 
tection As far a , it should eliminate direct and t! i 
glare as well s objectionable hadow 


Ae 
a 





Maintained level is 70 to 75 footeandles in this class- 
aluminum 


room, from two-lamp fixtures with Alzak 
louvers and 96-inch high-output rapid-start lamps. Dark 
chalkboard and cabinet in front of the room do not 
meet IES recommended practice. (DD) 
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Three-lamp indirect fixtures, in 24- 
foot rows, use 54 four-foot warm 
white rapid-start lamps. Initial levels 
measured on desk tops were: maxi- 
mum, 122 footeandles; minimum, 86; 
average, 101 footeandles. Walls, ceil- 
ing and furniture surfaces are light in 
color, but dark chalkboard does not 
meet IES recommendations. (EE) 
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Continuous rews of two-lamp 800- 
milliamp luminous indirect laminaires 
supply 65 to 70 footeandles main- 
tained. This level is increased to 135 
footeandles with the addition of day- 
light. Suitable shielding for that po- 
tential source of high brightness and 
direct glare is, of course, essential. 


(FF) 





z 
> 
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}t ) r < 
\ N CHANNE 
i 


; 
hi t 


| ~} 
iM 
a rope 


PLAST RATE 
N ALUMINUM CLIP 


The lighting system is built into the structural elements 
of this school, being housed in the channel which sup- 
ports the roof. Industrial-type fixtures are recessed in 
the channel, which is painted to blend with the formed 
beard ceiling and classroom trim. Plastic egg-crate 
grids, held in place with aluminum clips, provide shield- 
ing. Five four-foot fixtures are housed in each of the 
three rows of boxed channel. (GG) 











Arranged in a “W” pattern, suspended 
louvered luminaires with upward com- 
ponent each use two 40-watt T12 
rapid-start lamps for a level of 70 
footeandles, (HH) 





Two-lamp indirect units, pendant- 
mounted in continuous rows on 12- 
foot centers are used in the central 
area library and workshop at the ad- 
ministration headquarters building of 
a schoo! system. Ceiling height is 
10's feet and fixtures are mounted 
at 8. feet. Lllumination is 45 foot- 
candles on the reading task. (11) 











Photo Credits — School Areas 
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Luminous panels, each using eight 40-watt T12 warm white lamps, are PI IJ: Gene | trie § 
spaced on 10- by 10-foot centers. Average illumination in this art and ‘ nd, OF 
music room is 90 footcandles. (JJ) 
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New Twists for 





Lamps with grooving on both sides of the tube increase 

light output by 15 per cent over the earlier non-circular 

design for the 8-foot lamp, 15,000 lumens at 70 

lumens per watt. The wavy are path, 9 feet long in an 

8-foot tube, results in light output that is equivalent to 
that from a 9-foot straight lamp. 





Fluorescent lamps with a base at one end only and U- 
shaped lamps which require wiring and sockets at only 
one side are two new developments in the laboratory 
stage which may have an influence over application de- 
signs. The U-shaped lamp is reported to have an effi- 
ciency equal to or greater than the straight tubular 
type and has only half the overall length of a standard 
75-watt lamp. 


Another U shaped lamp (left) is not only on the market 

but has been used in an application with a fixture espe- 

cially designed for it. Note: a plastic egg-crate ceiling is 
to be installed below the lamps in this application. 





Some of the older sources, also, may be in for 
re-design. For the 400-watt mercury lamp 
(left), as an example, new double-wound cath- 
odes with new emission ceating virtually elimi- 
nate are tube blackening, thus improving lu- 
men maintenance —80 to 87 per cent of initial 
light output is maintained after 8000 hours. As 
a result, the economic life rating of the lamp 
has been increased 50 per cent — 9000 instead 
of 6000 hours. Low-temperature siarting is 
easier. At 20F the starting voltage required 
is 225 volts instead of the 300 volts required 
by the regular 400-watt lamps. Lamps operate 
on smaller, lighter-weight, less expensive bal- 
lasts, the H33 type. Other new construction 
features include a strong, simplified mount 


structure and an improved resister. 


Light output of the 1000-wat RB-52 lamp 
(right) has been increased from 16,300 to 
18,000 lumens by the adoption of the CC-8 
(instead of C-7A) filament construction. The 
combination of bulb shape, filament design 
and filament positioning are said to provide 
20 to 30 per cent more light on the work plane. 
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Light Sources 


P AST experience with “new” recommended 
levels, and current opinion also (see page 374), 
suggest that there may. be in store some interesting 
changes in lighting equipments stemming from ad- 
vances in lighting practice. Several recent develop- 
ments in light sources, for example — and there 
will undoubtedly be more to come — include: an 
increase in lumen output of existing lamp types, 
new filters for improved color rendition, and a 
lengthening of lamp life. Other developments, 
some still experimental, include changes of source 
shape and size, socket and wiring requirements and 
built-in ballasts. These characteristics may influ- 
ence fixture design and methods of mounting. A 
trend toward “area” lighting systems might be read 
into some of the laboratory models of large surface 


sources being developed. 





A new 40-watt fluorescent lamp, rated at 3100 lumens, 
has recently been announced in standard cool white 


color. Features contributing to the higher luminous effi- 
cacy claimed for the lamp are: a new extra-uniform 





phosphor of finely controlled particle size, addition of 
anodes to the regular cathode electrodes, and a new 
eurrent-carrying gas mixture. The lamp is said to have 
a rated life of 7500 hours on rapid-start circuits and 
over 5000 hours on preheat ballasts with manual reset 


® 





Experimental square fluorescent lamp is made by seal- 


ing two channeled plates of glass together to form a 
nearly flat panel approximately one foot square and 
about an inch thick. Although its commercial introduc- 
tion cannot as yet be predicted, laboratory reports state 
that it can be made available in a wide variety of bright- 


nesses and colors. 


Another square or rectangular fluorescent lamp is be- 
ing developed — one laboratory model measuring 24 
inches long by 8 inches wide by 1 inch thick and an- 
other 12 inches square and | inch thick. Some models 
have a reflector coating on one surface so that all light 
is directed through the other side. Patterned giass can 
be used to control the brightness and direction of light. 





A fluorescent lamp requiring no external ballast or 
starter, which can be burned in a standard screw-type 
socket, is in the development stage. The lamp contains 
a built-in bi-metal starting switch and an incandescent 
filament which makes the external inductor ballast 
unnecessary. The incandescent filament also adds its 
light to the total lumen output of the lamp and serves as 
a color-improving factor, augmenting, with the red end 
of the spectrum, the blue-green end common to the 


more efficient fluorescent phosphors. 


Baked-on silicone color-filter coating for the 100-watt 
PAR-38 lamp (left) transmits more light than did the 
filters on the 150-watt color lamps, particularly in the 
blue and green colors, where they actually provide 
more light than did their predecessors. The new lamps 
are said to be better balanced in colored-light output — 
greens and blues not being overpowered by warm colors. 
The lamps are weatherproof, requiring no protection 


from rain, sleet or snow, in any burning position. 
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. Q ju t yuaiity Everyone views with 
: } asil t nissing this, when ipply 
g hig els ighting practitioners have } 
1 spor } y to sell the importance f qual 
Ss “ays everyone, in a cross-section of their 
n higher < 
ew break 1 things happen. Btu’s 
XZ nit lesign becomes critical; balanes 
brightnesses become ta 100 fe and nore 
t yuires ar ngi red jolt 
. g f nu rtal brightnes ! th 
, i s as the adaptation k 
! s S higher f teandles should influ r 
sign with special attention bright 
. r h f 1 of ew 
eA f 8 or 10 APS must sur n nel 
\ PS y w) } irrent ele ar ? “ So 
. repared with equipments ar ! 
jues r next upward isior n recor 
led foot nd ~ 
. ! sta s ft higher levels ik 
r-conditioning needs, for exampl but th ! 
y ——_ great t leter progress r} 
g nough to r both costs 
e | nponent in the merit nv rit 
ng a? 7 
Trey 


A survey of opinion on 


e Just how “high” are we talking about, when we 
say “higher levels.” Since the footeandle levels 
ire in relation to the difficulty of the tasks, by and 
arge for most seeing tasks, we are talking about 


150 footeandles and below. 


@ New techniques must be worked out with the acous 
tical and heating-air-conditioning engineer. W<* 
an’t overcome one deficiency while ignoring the 


other comfort factors. 


@® Combination of lighting-with-heating is just 


iround the corner. 


@ There may be a large number of sour higher level 
jobs in the next year or so. A poor job at 200 fe 


is worse than a poor job at 50 fe. 


@ Wide application of higher lighting levels hinges 
upon availability of suitable equipment both 


ight sources and fixtures. 


@ The only areas which are reasonably prepared, 
equipment-wise, to furnish recommended levels 


onomically are in industrial lighting 


@ There are quite a few bugs still in extra-high-out 
it lamps and auxiliary equipment. We should 
expect to see lots of new developments in lamps 


in the next year or so 


@ About 10 per cent of commercial and industrial 


ireas now meet recommended practice, per the 


opinion of most lighting men. Homes, much less 


Future Trends in Lighting 


Whether pro or con, cautious or confident, shop 
ircles swings invariably to the 
higher footeandle levels, and the zillion-and-one 
ramifications in employing then Panels, forums 
ures will no doubt formalize this discussion 

the months to come but some mighty wide 
iwake thinking also goes on off-stage 

In an attempt to garner these views, in a sort of 
Society-wide discussion-fest, IE made a survey of 
opinion, from all branches of the industry. Replies 
to this were vastly interesting. Speaking informal 
ly (dictated letters) and anonymously, the views, 
opinions and sound predictions brought forth make 
a valuable discussion of lighting and its future 

The discussions seem to cover several areas with 
in the general subject of: the new recommended 


levels of illumination and what they may mean to 
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future lighting practice. Very canny predictions 
are made regarding future trends in equipment 
design and/or lighting practice; the effect on such 
structural elements as air-conditioning, building, 
and design considerations, to name a few 

In some ways, the advent of higher footcandle 
levels has created as much consternation as when 
sound deseended on the silent movies. It’s to the 
good, of course, that thinking men view with alarm 
any possibility of “footcandle engineering.” Over 
and over occurs the caution that quality with the 
new levels is more important than ever. Indeed, 
all comment seems to stress that the key to success 
of lighting practice is emphasis on visual comfort 

with a trend to “pleasantness” as well. More 
complaints stem from glare, said one engineer, than 


from insufficient light! 
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those who plan and 


But I 


honest 


building 


meet 
tions ind ques 
ve know them today do 
d themselves to the new 
know that 
not developed over 
for the 


should tim« 


those we have 


ight sources can 


lumination 
Furthermors the 
lesign, equip 
is through 


foot 


andl 
icce pt ince 


must 


ose { | 
) coopera 


neers It makes 


vercome one deficiency 
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very difficult or most difficult. These usu 
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throughout a building, or eve through 
out an entire floor. By and large, we are 
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Certainly lighting levels in 
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them, 


have In addition 
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troub 
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and relamp: and 


istomer 


provide the « 


wants, at a reasonable 
nothing nev 


course We 


rhere’s 
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man, 
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realized 
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lesirable 
lrround 


it or not is that this come more and mor this respect. Expensive maintenance 
contrasting effect front as we produce highe serious deterrent to good lighting 
subject and the background mination. This, of course t In general, it seems to me, 
that automaticall 1ccom rroblem of the trend i ul ! | 
of our desirable n h . ‘ ; Ol ay 
eeing that LES is Zz iteg troff 
resent time ‘ 
revised illumination | ' 
we need increased f 
iggest how mu ! ded 0 
ong-term screntine I UDay 
k as lighting 
; ssist architects “ 
neers in the design of new Ss 
i but we also al I 
iv owners, ofthces ets 
th their lightin 
complaints 


the ac 
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depend 
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to 
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bys just won’t be applicable, although I * New levels put into practice wil light sources, including the 1.5-ampere 


suppose that some people will try to mis lead to the development of more large ind pe rhaps 3-ampere), different tech 
apply them, and will get burned in the irea ceiling fixtures equipped with sev niques of the application of light are be 
attempt eral fluorescent lamps to provide greater coming evident In working with the 
Other old standbys such as troffers ars lumen output per luminaire at reason higher output sources under low ceiling 
going to provide better lighting at the ibly low fixture brightness. These will conditions of modern architecture, they 
higher levels than they provided in the not be confined only to rectangular or must be applied so that glare is con 
50-fe range I say this because troffers square-shaped designs as we now trolled both from the direct and reflected 
have often been spaced too far apart, them. I predict that future large-area standpoints. We feel that this indicates 
with too many lamps in each troffer luminaires will tend to artistic shapes t semiindirect system with controlled 
This has resulted in execessi“e shadows ike ovals, kidneys, ete.. to impart more brightness in th 0 to 45-degres one as 
too great an expanse of relatively dark the room well as the 
ceiling, and too much brightness differ e of eertain performance prol general, Vv an envision approxi 
ence between the troffers and the ceiling lems associated with extra-high-ouput twice the watts per square foot, 
To obtain the higher illumination levels, fluorescent lamps (1500 ma) I doubt i in some instances. This would affect air 
troffers must be spaced closer together, amps with even higher outputs will be onditioning nd eleetrical distribution 
thereby reducing the expanse of ceiling introduced. However, the trend may go em ual commercial practice, 
ind minimizing shadows. The ceiling l lirection of U-bent L-bent, or ‘ ’ , the higher footeandles referred 
brightness will be increased in direct even bent shapes of standard 425 ma : Is” hi been in practice 
proportion to the increase in illumination fluorescent lamps, for better light distr ‘ ost the better jobs 
level, assuming all reflecting surfaces in bution in large-a lumini ' en properly engineered in 
the room to be unchanged. Obvious), ger an é : I e la w years have been in the range 
In the new equipment design area, onditioning wil a to ' e “new levels 
think we are starting to see and will se« handle the at | y , feeling that the “new levels” 
even more large-area lighting elements ! ! min provir l . , t ‘ aN ' — a 
with a variety of shielding and lampings im owe\ 0 ) I . sachs » Schools an fortl 
to obtain different levels I firmly be ‘ il onditiol Wi b ip 2 aN iuthori 
ve, too, that we will see increasi 
iminum reflectors with th 
oaded fluorescent lamps 
necessary to control 
brightne f these lamps, an 
equipment that is now availablk 
coming increasingly popular 
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acceptance of any 
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the availabi 

equipment ind lamps 
conomical insta'lations 


ow point of 


Presently 
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higher ou 
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comfort 
Any future trend in lighting 
must be toward creating a comfortab 
visual environment. The key to 

il new lighting installations of 
levels will be quality. Quality wil 
keynote in the future, with quantity of 
light as an important aspect. Any other 
approach to the situation will create 
problems which will take the lighting ir 
dustry a long time to overcome 


will deer 
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electric Concerning air-conditioning, this 
light soures Lepe nds on where the ballasts are located. 
duction and If in the immediate area, mors r-condi 
and since tioning will be required, which could 
output nean the lighting equipment 
onger wav be a part of this system. If 
iminaire effi remote it will not bothe 
o remove the air-conditioning to any 
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The effect 


: ir conditioning, 
ires and liquid 
ject that has ma 
ing em 
seems to me that in comm 


ntation are 


the 


such as stores and offices, the inst 


of the lighting levels recommended 
these areas and th install: 
conditioning will h 
Where air-conditioning 
situation could be comy 
ditioning modifications required w 

f 


lighting, and the eost of same 


ingle which needs some working 


Within the normal uses of the new 
ight levels, say for bookkeeping and 
regular office work, I don’t think that the 
ir-conditioning presents too serious 
problem. We've been oper 
100 and 120 fe iv 
twelve years 
the air-conditioning 
sary but I’ve never 
i major consideration 
ment. Of eourse. when one 
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imounts 
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n the operation 


equipment Well ventil 
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door heat remova il r us far more 
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Mercury and Fluorescent 
Team-up For Industry 


a rRIAl 


today 


management is more 


before 


plant 


than ever Safety 


OnSCIOUS 
ontinually being improved, and light 
this 


factor contributing to 


area of change in 


to the 


is one 
trimental goal of 


the 


ystems using only mercury lamps. 


prove dk 


ion and that is trend toward 


other sources with mercury lamps has 


on practi in order to fulfill two basic 


its. The first is to eolor rendi 


Improve 


bluish-green mercury light by adding a 


in red licht. The second requirement Is 


stand-by lighting in the event of a power 


one 


ena momentary 


ad for eolor in provement has been mini 


the development of improved-color mer 


has 
the 


The need for stand-by lighting 


ewise been minimized by improvements in 


reliability and design of distribution systems. In 


almost any a, and particularly those with rotat 


a power interruption of only a few 


lng eq pw 


*yeles cal eate a hazardous condition 


Therefore 


serous 
ed still exists for additional light 
sources which restart instantly when the power is 
restored 
Filament used in combi 


fulfill 


a combination of fluorescent 


lamps have been widel) 


nation systems with mereury to these re 


quirements However. 


and mereury lamps offers several unique advan 


tages. Either fluorescent or filament 


lamps can 
eolor 
added 


compatibility with mercury in regard 


stand-by ‘tion and improved 


provide protes 


quality fluorescent lamps have an 
advantage of 
to voltage requirements, lamp life and efficiency 


The 


compatible in 


fluorescent lamps are 


The 


these advantages is lower over-all cost of light for 


newer higher wattage 


light output as well result of 


fluorescent and mereury lighting systems than any 


other combination 
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382 Mercury and Fluorescent for Industry 


By MORGAN CHRISTENSEN 
QUENTIN D. DOBRAS 


Distribution Systems 


The steadily increasing electrical 


of modern industrial plants have necessitated the 


requirements 


use of higher voltages to supply this additional 


power economically. As lighting levels increase, 
the lighting load becomes an important part of the 
total plant electrical load. By operating the light- 
ing and other electrical equipment at higher volt- 
cent or have been 
These 


been recognized to the extent that already about 


ages, savings of 40 more 


per 
realized in many instances. savings have 
50 per cent of all new mercury lighting is operated 
at 240 480 volts. 

Until the 


cent lamps, the distribution voltage for lighting 


introduction of mercury and fluores 


was usually in the 120-volt range. Filament lamps 
operate more efficiently and give better perform- 
ance at 120 volts rather than at higher voltages 
With mercury and fluorescent lamps, however, the 
ballast adjusts the input voltage to suit the lamp 
starting and operating voltage requirements. The 
designed to accommodate a wide 


ballast can be 


range of primary voltages without affecting lamp 


performance, but in general 480Y/277 volts is the 
Standard 


both fluorescent and mercury lamps to operate on 


best choice. ballasts are available for 


voltages up to 480 
Combination mereury systems may take several 


combines mereury fila 
208Y-volt system. Another is 


possible forms. One and 
ment lamps on a 120 
a mercury and filament lamp combination with the 
mereury operated at 277 or 480 volts and a sepa 
120-volt the 
third is a mereury and fluorescent system operated 
from a common 480Y 
tribution cost standpoint, the third is by far the 
Fig 


wiring diagrams for each of these systems. 


rate system for filament lamps. A 


977 


277-volt system. From a dis- 


most economical choice. 1 shows the typical 


Lamp Factors 

Recent improvements in fluorescent lamps make 
them a much more desirable source for combination 
systems than ever before. Not only do they have 
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could be used with the fluorescent to determine 
the group relamping interval for the entire system. 

The necessity for frequent replacement of fila 
ment lamps often makes maintenance difficult and 
costly With the trend toward fewer filament 
lamps used in such systems, often a large percent 
age of outages are tolerated before lamp replace 


a i ments are made. Fluorescent lamps, on the othe 


sverem © 
hand, permit convenient relamping schedules and 


Figure 1. Typical wiring diagrams for three mercury give greater assurance that stand-by lighting will 
combination systems, } ' } 
ve available if an emergency should arise 


Economics 
lamp lives and efficiencies similar to mercury, but 


s Le | ‘) 7 ’ r 1 ] 
eleetion a lighting system in industry 
they now are comparable in light output as well _ ‘ 


: ; usually made primarily on the relative economies 
For example, many combination systems ' 

' of various systems. In addition, consideration 
1000-watt filament lamps and 400-watt mercuries ' ' 

must also be given to comfort, ease of maintenance 


When this combination is used, the lamps can 


. and color quality, but all of these factors ar 
installed on uniform spacing and provide nearly é‘ 

‘an ally balanced ag cost 
the same output. The same possibility exists with a . ' igalnst COs 
. . o determine the relative cost f the nroposed 
1500-ma high-output lamp. A two-lamp eight-foot ro « ie relatiy st of tl po 
emeinainn ‘de lat 8 re lin hi mereury and fluorescent combination a number ot 
uminaire provides somewhat more light than a : 
cost analyses were mad Because thes 


$00-watt mercury and with longer life and greater 
studies showed that the (H400-RW1) mereury 


efficiency than the filament lamps used in combina 
‘ tem provid ad the lowest over all cost 
ion with mercury 
-_ has been used as the base svstem in this paper 
rable I shows the essenti: ‘several lamp , _ 

. The relative omparisons using othe 
types which are typically u n these combination 5 
svstems . lamps would be similar 


Since the distribution system 


The similarity in lamp lives between fluorescent 


: - , marked influence on the total cost e separat 
and me reury can have onsiderable effect on lieht narke¢ l on h il ST, para 


re used and are shown diagrammatically 


A is a 120/208Y-volt three-] 


system col y separated from the 480\ 


ing maintenance costs In some cases, it may be 
possible to use the same group relamping interval 


for both types of lamps. In general, fluorescent 


- volt power ei! Svstem B includes a 480Y 
ilé 


lamps in a typical installation will have about 20 


, 1 volt cirenit for power and me urv lehting 
ent burnouts at 6000 hours which corresponds ( ul p r and reur’ 9 


. » 2 2 _ 20 its supphed f£ n « tvpe transtorm: 
“economic life” of most mercury lamps. The 120 vol pplied from dry-type tran rs 


the filament lamps System C is a 480) 


simplified 80/2 nt group relamping pla 
ombined light and power distribution Ss) 
line graphs shown in Fig 
5 initial, operating and o 
rABLE I — Lamp Characteristics. : ’ , :; , 
as the relative amount of mereury ligh 
Efficiency 100 to 0 per cent. All data are based 
Lamp Type Lumens i ( | pw) burning hours per vear, 1l¢é per kwh 
and 10-year amortization of investment 
16T12/C' : 
analyzed is a large indust? 
each SO feet | 140 fi 


ment 1s moul 


The initial Ost 


bination is higher than the mer 


tem. However, the high-output lamps 


mitted a significant reduction over the 
of fluorescent lamps. For a combination in whi 
consent » based on ti mercury lamps supply 75 per cent of the total 


Based on lumen output of pro d her figures should bi lumens, the (H400-RW1) mereury and high-out 
iltiplied by luminaire effic comparis« . 
‘Average life based on five bu x he tart put combination is only 12 per cent higher ih 


Economic life f the ——_ — 
= initial cost than the (11400-RW1] mercury and 
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Figure 2. Relative initial costs for the mercury 


combination system, 


700R5z) filament combination using System B 
and about equal in cost to the (H400-RW1) mer- 
eury and (750R52) filament combination using 


System A 

The operating costs for the mercury and fluores 
cent combinations are considerably lower than the 
mercury and filament combinations, as would be 
expected. For the same conditions as above, the 
mereury and fluorescent systems are abont 17 per 
cent lower in annual operating cost 

Total annual costs of these same systems show 
that the most economical system is mercury lamps 
96T12/HO) or 


non-circular 


combined with the high-output 
96PG17 


Putting this in easily applied 


eross-section 


high output 


fluorescent lamps 


terms, the typical total annual cost for a mercury 
and filament system, using System B with equal 
lumens supplied by each lamp type, is approx! 


mately 1.7¢ per footeandle per hour for 10,000 
The same cost for a similar 


This 


plant would amount to several 


square feet of lighting 


mercury-fluorescent system is 1.4¢ saving 


applied wa lareve 


thousand dollars each yea 


Installations 


Several plant owners have already recognized 


the advantages of combination mereury and fluo 


; 


rescent lighting and have installed such combina 


tions in various types of areas. Four typical exam 


ples are shown in Figs. 5, 6, 7 and 8 
96T12) slim 
H400-RC1 


In this area, only enough fluores 


Fig. 5 shows an installation of the 
line lamps with the improved-color 
mereury lamps 
cent is used to provide the minimum amount of 


light for safety purposes in the event of a power 
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Figure 3. Relative operating costs for the mercury 


combination system. 


interruption. Ten per cent of the light is provided 
by the fluorescent and the remainder by the mer- 
cury system. The lighting level is 50 footecandles. 
Fig. 6 shows an installation where 25 per cent of 
(90T17 
H400-E1 


This installation has been installed for sev- 


the light is contributed by the fluorescent 


units and the remainder by mereury 
units, 
eral years. The combination system provides 100 
footcandles maintained in service with approxi- 
mately 150 footeandles in those areas where seeing 
is more critical. 

The comfort of many straight mereury systems 
can be markedly improved if fluorescent units 
having a substantial amount of upward light are 
added to the This light can 


system. upward 
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Figure 4. Relative total annual costs for the mercury 


combination system. 
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Figure 5. Ten per cent of the illumi- 
nation in this area is provided by the 
(96T12) fluorescent system, and the 
balance of the 50 footeandles by the 
(H400RC1) mercury system. This is 
an example of using a fluorescent sys- 
tem to provide a minimum amount of 


illumination for safety purposes. 


Figure 6. The (90T17) fluorescent 
system provides 25 per cent of the 100 
footeandles in this installation that has 
been in for several years, This amount 
of fluorescent combined with the 
(H400-E1) mercury system supplies 
enough light for safety purposes and 


also for color improvement. 





Figure 7. The illumination over the 
trackwell and decoiler area in_ this 
plant has been substantially increased 
by the addition of the (96T12) fluo- 
rescent lamps. The fluorescent system 
provides 70 per cent of the total light. 
The rest of the illumination is sup- 
plied by the (HI000-AI15) mercury 


system. 
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orighten tl ( ny and reduce the brightness con 


n the lighting equipment and its back 


types of industrial lighting 


nt having an upward light component of 
2U to 20 per cent are well suited for this purpose 


If additional upward light is desired, the units 


ould even be mounted upside down to increase the 
amount of upward light. This provides a relatively 
nex pens method of bringing an existing light 
ing system up-to-date by improving visual comfort 


and inereasing the lighting level 

example of adding fluorescent units 

tO an existing mercury system to increase the light 

nye level In this case. 70 per cent of the light is 
96T12 

The average lighting level maintained is 25 foot 


provided by the 2-lamp slimline units 


andles. The fluorescent units were added over a 
colling machine and also over a railroad loading 
| TI lighting level is somewhat higher in 


ie. &§ shows a very recent installation where the 
1000-watt filament units were replaced by 2-lamp 


9G6PO17 high-output units. The more efficient 


fluorescent lamps increased the lighting level and 
it the same time decreased the amount of electrical 
energy that was consumed. The plant engineer 
savings in energy will be sufficient 
three 


vears. Thirty-five per cent of the 70 footeandles 


Oo pay for the fluorescent installation in 


i is provided by the fluorescent system 


nainder by the (H400-RC1) mereury 
Conclusion 
The advantages of a combination mereury and 


fluorescent system are numerous as outlined above. 
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Figure 8. The 1000-watt filament units 
in this area have been replaced by two- 
lamp (96PG17) high-output non-cir- 
eular cross-section fluorescent lumi- 
naires. The fluorescent lamps plus the 
(H400-RC1) mercury lamps provide 
70 footeandles. Changing from fila- 
ment to fluorescent in this area in- 
creased the illumination level and at 
the same time decreased the amount 
of energy used. 


in general, such systems consume less power, are 
easier to maintain and are less costly to operate. 
fluorescent 


New developments in mercury and 


lamps should prove even more advantageous for 
this combination in the future 

The team of mercury and fluorescent will pro 
vide modern plants of today and the future with 
productive lighting. This team will also minimize 
accidents in two ways: first, through better seeing 
and second, by reversing the trend toward straight 


mereury systems. 


DISCUSSION 


N. B. Burroveus:* Another tool in the hands of engineers 

the mercury-fluoreseent team This team furnishes an 
economically sound answer to industrial lighting problems. 
Both fluorescent and mereury lamps, with similar economic 
ives, provide several combinations which will answer par 
ticular needs in many manufacturing plants. With similar 
lamp lives, these two sources are a “natural” to effect group 
relamping and maintenance in industrial areas. Group ré 
iamping and maintenance have often been difficult in the 
mercury-filament combination, with the filament replace 
ments running six to one over the mercury replacements. 
Labor charges alone are hard to justify. Consequently, 
many lighting systems are allowed to continue at half their 
original design level. 

Fig. 8 of the paper shows an area quite familiar to the 
diseusser. It should be emphasized that the half of the area 
not shown is lighted with a mercury-filament combination 
for the fila 


ment units not shown, rears its ugly head, and the situation 


of the same geometry. Lack of maintenance, 


worsens when the obvious comparison with the mercury 
fluorescent system is made. Other shops in this plant (ap 
proximately 1,500,000 square feet) can easily be converted 
from the existing mercury-filament systems to mereury 
fluorescent systems. Benefits to workers and production 


speak for themselves 
Electrical Facilities Engineer, General Electric Co Erie Pa 
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Kurt Franck:* The paper points up well the inherent 
advantages of mercury industrial lighting and the suitabil 
ity of auxiliary or stand-by fluorescent lighting because of 
the similarity of the two light sources as regards light out 
put per watt, lamp life, and electrical operating character- 
isties. Several questions arise: 

In view of the wide-spread acceptance of improved-color 
mereury lamps, the need for improving color by adding 
incandescent or fluorescent units to the installation no 
longer exists. Increased usage of constant wattage trans 
formers has considerably reduced the likelihood of mereury 
lamp outage in service. For these reasons would it not be 
sufficient to consider the fluorescent auxiliary lighting strict- 
ly as a stand-by installation at minimum footceandle level, 
taking full advantage of the high utilization of the mercury 
system, as pointed out by the authors? 

In Table I the efficiency comparison is made on the basis 
of lamp output. Would it not be of more practical value if 
the table were based on coefficients of utilization of com 
plete luminaires using these various lamps, so as to compare 
directly illumination results on the work plane? 

The authors mention the beneficial effect of an upward 
light component suggesting that it be obtained by the 
auxiliary fluorescent lights. Again, would it not he more 
practical to use mercury luminaires with upward light 
component? 

Finally, are the cost comparisons of Figs. 3 and 4 based 
on the use of the newly introduced “bonus” mereury lamps 
of better lumen maintenance through lamp life or, if not, 
how would consideration of these bonus lamps affect the 


cost figures given in Figs. 3 and 4? 


W. 8S. Truu:** This is an interesting and timely paper which 
will help promote better lighting. At first I was inclined to 
view any move to promote a marriage of fluorescent and 
mercury lamps with some degree of suspicion, but I think 
the authors’ intentions are probably good. 

It appears to me that the authors are quite worried about 
the effect of power interruptions in installations using only 
mereury lamps. I have never heard of an accident from 
such a cause, and one reason may be that a small percent 
age of stand-by emergency lighting, operating from a dif 
ferent circuit, is usually included in critical areas. This is 
good protection in any lighting system, regardless of the 
light source. In other installations, local machine lights are 
often used, and these help during a momentary outage. 
These lights ean be fluorescent, if desired. 

The authors speak of using fluorescent luminaires to im 
prove upward lighting. Of course, the same thing can be 
done with an all-mercury system and is being done in many 
well-designed new lighting installations. 

The choice of the H400 RW1 (also known as the P-H1 
SW or H1-LK/W under the new ASA code) as the most 
economical light source for the comparison shown in the 
paper is surprising, as the area is 80 x 140 feet with the 
lighting equipment mounted at 44 feet. I would have ex- 
pected 1000-watt mercury lamps to be considerably more 
economical, and I would like to ask the authors if they 
included the 1000-watt lamps in their cost comparisons. 

I would also like to ask for an explanation of Figs. 2, 3 
and 4 showing relative costs for lighting systems of mixed 
mercury and fluorescent or filament lumens. The statement 
is made with respect to Fig. 4 that: “the typical total an 


*Holophane Co., Inc., Newark, Ohio 
**Large Lamp Department, Westinghouse Electric Corp., Bloomfield 
N.J 
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nual cost for a mercury and filament system, using system 
B with equal lumens supplied by each lamp type, is approxi 
mately 1.7¢ per footeandle per hour for 10,000 square feet 


of lighting.” The diagram shows lumens at the 1.7¢ point 
zero per cent mercury and 100 per cent filament lumens. 
We would appreciate an explanation, 

We note that there is no apparent difference in cost for 
& mercury system combined with high-output or comb‘ned 
with high-output fluorescent lamps of non-circular cross 
section. This is indeed surprising in view of the © ifferevee 


in output ratings of these fluorescent types. 


Warp Harrison:* The data given in this paper are very 
impressive and certainly indicate that high power fluores 
cent lamps may be expected to replace incandescent as a 
companion of mercury sources in high-bay industrial plants. 
The authors are correct in saying that cost is a large factor 
in the choice of lighting equipment for such interiors. I 
would like to ask whether the improved candlepower life 
performance of mereury sources, recently announced, has 
been taken into account in these calculations. If not, how 
much would it improve the data given for RW1, the mer 
cury lamp? 

A considerable advantage of a fluorescent installation 
over mercury lies in softer shadows and reduced specular 
reflection from the fluorescent. In certain cases, this differ 
ence may, in my opinion, be sufficiently important to indi 
eate the choice of fluorescent alone. A considerable part of 
difference in cost between mercury and fluorescent is repre 
sented by the initial investment and ways n.ay be found to 


bring this down somewhat, as time goes on. 


M. CHRISTENSEN AND Q. D. Dopras:** The authors wish to 
thank all of the diseussers for their comments and interest 
shown in this paper. The number of comments indicates 
that the paper has served its purpose of stimulating inter 
est in combination mercury and fluorescent systems, 

Mr. Burroughs’ comments are particularly appropriate, 
since he is responsible for, and has had experience with, a 
large installation of the type discussed in the paper 
In reply to Mr. Franck, we agree that there is less need 


for combination systems teday, as pointed out in the open 


ing paragraphs of the paper. However, “the need still exists 
for additional light sources which instantly restart when 
power 1s re stored.” 

It would have been desirable to show comparisons of 
utilized lumens in Table I, but this would have limited th 
data to one particular set of conditions. All of the cost 
comparisons, however, are based on maintained light on the 
work surface 

Regarding the comments on upward light, we would cer 
tainly recommend the use of mercury luminaires with sub 
stantial amounts of upward light for all new installations 
In our paper, we were referring to improvements in existing 
installations by the addition of fluorescent upward lighting 
units. 


The “bonus line” of mereury lamps were not available 


} 
f 


when these “ost studies were made. The use of these lamps 
would have the effect of reducing the over-all cost of a 100 
per cent mercury system by about 10 per cent. On the other 
band, recent improvements in high-output lamps of non 
circular cross-section have reduced the cost of a 100 per 


cent fluorescent system by approximately 20 per cent, These 


* Cleve nd. Ohio 
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! nents make the combination mereury and high 
ut t of non-cireular cross-section systems even more eco 
nom than befor 

Several of Mr. Till’s comments have been included u 
the above lise ussion Our cost analyses show the HILK/W 


ibout equal in over-all eost to 


H400RW]) system to be 


the HISKY/W H1i000RW15) system. We used the 400 
itt system due to its wider usage and improved comfort 

wt figures shown in Figs. 2, 3 and 4 are relative 

“ ! not comparable to the actual cost figures of 1 7¢ 
footent er hour for 10,000 square feet of lighting 

At the tin the paper was written, our analyses showed 


of the high-output and high-output of 


the over-all costs 
about equal, As 


non-circular cross section systems to be 
previously stated, improvements in the high output of non 
cireular cross-section system have resulted in a 20 per cent 
over-all costs shown. 


reduction in the 
Harrison’s comment that 


We certain! 
fluorescent systems result in softer shadows and 
specular This added 
economics with today 's higher powered fluorescent sources is 
usage of fluorescent 


agree with Mr. 
reduced 
improved 


reflections. comfort plus 


significant factor in the increased 


lamps in combination with mereury, as well as 100 per cent 


fluorescent systems 


Modern Lighting for Ancient Animals 


The visual task at the Smithsonian Natural History 
Building includes dinosaur skeletons, for which LES has, 
as vet, set no recommended levels of illumination. The 
165 feet long. with a diffusing 
A total of 1134 


mounted in 


hall is 50 feet wide by 
glass skylight 65 feet above the floor. 
extra-high-output 1.5-ampere lamps are 
yntinuous rows 6'¢ feet above the skylight, pro- 





viding 65 footeandles at floor level. Similar installa- 
tions are used in the East, West and North halls. 

The installation replaces the original daylighting 
skylight in the roof structure, which has been filled in 
with conventional roofing materials. Photo and data 
courtesy of Sylvania Lighting Products, Division of Syl- 
vania Electric Products, Inc., Salem, Mass. 
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Maintenance Factors and Features of 


an of lighting systems is a 


subject which, like death and taxes, seems to be 
with us always. Various theories, studies and pro- 
posals have been discussed many times in the past, 
from the floor and in print 

Behind all this discussion, however, has been the 
need for factual information on what actually hap- 
pens in service. Such information has not been easy 
to get. Comprehensive maintenance studies become 
pretty involved when they try to simulate actual 
conditions found in factory production areas, and 
maintenance studies attempted in actual industrial 
areas present problems too. Working factories are 
usually unable to prov ide space for prolonged test- 
ing; such tests must be prolonged if the results are 
to be of any value. Establishing a test area which 
remains “constant” over a long period of test-time 
A paper presented at the National Technical Conference of the 
Iiiuminating Engineering Society, August 17-22, 1958, Toronto, Ont 


AUTHORS Day-Brite Lighting, In New York, N. Y. and St 


Louis, M respectively 
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Figure 1. Aerial view of plant where tests were conducted. View shows open area of surrounding cotton fields. 
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By GEORGE J. TAYLOR 
R. D. BRADLEY 







In-service performance of industrial fluores- 
cent luminaires having varying degrees of 
up-light have been studied under controlled 
testing to provide factual data on the eco- 
nomics of industrial luminaire maintenance. 









has been another real problem, yet reliable and 





realistic data depend on such condition 






Maintenance data which may be depended on are 





of particular importance to industry these days, all 






the more so with the current demand for higher 





levels of illumination. Poorly maintained lighting 





systems depreciate in light output — ergo, reduce 






production output 






Lack of available information in actual practic 





has led to many hazy estimates, if not guesses, in 





for luminaires 


of the 


applying maintenance factors (MF 






in industrial areas. This is especially true 






new types of fluorescent luminaires currently used 


The prime purpose of the in 






for factory lighting 
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service study was to provide at least a start in se 
curing maintenance data for present-day industrial 
lighting systems. While only one condition of an 
interior was tested that of dust and dirt the 
results show evidence of the necessity of actual in- 
service data in the proper application of mainte- 
nance factors for specific Job-areas 

Although there are many varieties and combina 
tor styles and fluorescent lamps used 


tions of refl 


in production areas, in general they fall into three 
ategories as described in the Taylor-Bradley paper 
“Visual Comfort and Cost Analysis for Production 
Light [LLUMINATING ENGINEERING, April 1956, 

p, 293 Broadly, the three classifications are 
l Solid top reflectors with all light directed 


downward 

9 Slotted top reflectors with approximately 10 
per cent uplight 
itted top reflectors with approximately 30 
per cent uplight 


Test Area 


lr} iuthors I rortunat in being provided 
ith an actual production area where maintenance 
studies ild be conducted under the circumstances 
most conducive to obtaining factual information 
The plant where tests were conducted is located in 
i suburban section on the edge of a small town. It 
stands in an open field with few neighboring manu 
turing plants. In this respect, it can be said 
that the plant is situated in an area free from sur 


rounding outside dust, dirt and smoke. See Fig. 1] 


‘ 


The test area IS In A Ct ntrally located section ol! 


a large newly constructed manufacturing plant. It 


of 56 bv 96 feet or over 5.000 square 
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feet. The nature of the class of work bemg con- 
ducted in the test area is light manufacturing. con- 
sisting of the assembly and wiring of luminaires. 
The atmospheric conditions can be described as gen- 
erally clean, by observation, with dry suspended 
dust particles floating in the air about the area (see 
Fig. 2) 

The ceiling in the test area is composed of large 
panels of Fiberglas sprayed with a white paint. 
Steel upright columns are spaced on 24- by 56-foot 
centers and painted white. The floor is of medium 


light grayish concrete. 


Test Equipment 

Luminaires in the test area are arranged so that 
there are two continuous rows in each 24- by 56-foot 
bay (see Fig. 3). There are seven 8-foot luminaires 
per row or a total of fourteen for each test “group.” 
Reflectors are porcelain enameled and equipped 
with two 96-inch standard cool white slimline, 430 
ma lamps. The three types or classification of lumi- 
naires previously mentioned are more specifically 
described as follows: 

] Group I 


directed downward 


Solid top reflectors with all light 
Luminaires designed for nomi- 
nal 8-foot channel lengths with open bottom and 
open end reflectors. 

2. Group II — Slotted top reflectors with 11 per 
cent uplight and the 


remaining light directed 


downward. Luminaires designed for nominal 8-foot 
channel lengths with open bottom and open end 
reflectors 


3 (rroup TIl 


ditions as cited below. 


Slotted top reflectors with con- 
Luminaires designed for 


nominal 8-foot channel lengths with: 


Figure 2. View showing interior of 
plant. Workers are shown in test area. 
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A — Louvered bottom reflectors providing 
30 per cent uplight. 
B— Open bottom and open end reflectors 
providing 27 per cent uplight. 
The ceiling is 16 feet above the floor. Luminaires 
are mounted 14 feet above the floor (to bottom of 
reflectors Consequently, the distance from the 


bottom of reflectors to the ceiling is two feet 


Test Conditions 


Under each test “group” of luminaires are lo 


cated nine test stations. These stations are identi 
fied by painted spots on the floor. The stations were 
positioned with three directly under each test row 
of luminaires and three mid-way between the two 
rows comprising each test “group” (see Fig. 3 

The predominant working plane was established 
at 40 inches above the floor since most of the visual 


tasks were performed at this level. A “jig stand” 
was made to hold the test meter at this distance 
above the floor to assure accuracy and for ease in 
handling 

Test readings were taken with a Weston Model 
603 Illumination Meter Serial No. 1309 


and cosine corrected. 


visual 
The meter was laboratory 
checked before each series of readings to assur 
accurate measured results. Voltage at the panel 
board measured 240 volts at the beginning of tests 
Periodic readings indicated that the voltage re 
mained constant during times when light measure 
ments were taken. 

Weston Meter were 


corded at each station with all test luminaires and 


Test readings with the 


all surrounding luminaires adjacent to the test area 
lighted 

Tests were started on April 21, 1955 and con 
cluded on March 11, 1958 

All luminaires in the test area were newly in- 
stalled and were not operated prior to the first set 


of test readings recorded. However. the units wer 


operated at least 100 hours to season lamps before 


these recordings. Readings were taken on the fol 


lowing schedule of dates: 
April 21, 1955 
June 16. 1955 


October 1, 1955 


November 3, 1956 
April 9, 1957 

October 12, 1957 
February 25, 1956 


May 26, 1956 


February 8, 1958 
March 1, 1958 
March 11, 1958 


The last authentic set of readings used 
tests were those of October 12, 1957. The February 
8, 1958 tests were not used for reasons to be ex 
plained later. The March 1 tests were made wit} 


new seasoned lamps and thoroughly washed 
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Figure 3. Plan view of test area showing essential equip- 


ment and dimensions. 


tors. On March 11 several brightness (reflectance 
readings were taken 

When each set of test readings were recorded, all 
stacked raw materials and finished goods were re 
moved from the test area. This prevented any pos 


When 


lamps burned out in the test area they were ri 


sibility of light obstruction at station points 


placed with lamps of equal life from adjacent areas 
Care was exercised so as not to disturb dust and 

dirt that had accumulated on these lamps 
The lighting installation was operated on a two 
and three-shift schedule at approximately 350 hours 
o 


per month. Luminaires were switched on and o 


twice a day resulting in about 10 hours per start 


for lamps. 


Lamp Performance Record in Test Area. 


Approximate Hours Lamps Replaced 


Operated 


From April 21, 1955 
Number Percentage 


is 


luminaires surrounding the test area were 


washed during the month of June 1957. Test lumi 


naires were not washed at this time 


Variable Conditions 


April 1955, the 


circulating 


When 


en blowing 


Also, additional 
1956 
ell 


parkin yr areas 


ommunity 

the test area had not been paved and much 

was suddenly aroused an lriven into the 
building. This, together with ‘irculated 


Luminaires Taylor-Bradley 9] 





Test I 
\«< 


Figure 


iu! 


iormal dust into the test area, caus 


elerated increase in depreciation between 


lates of February 25 and May 26, 1956. By 


parking lots were paved to prevent 


his abnormal dust condition and 


resumed a normal rate of depr: 


justments were made to account 


and are included in the 


plott a 


dust content for a 


higher 


ates the importance of more 
In assigning proper maintenance 
enough to ondl 


assume a Troon 


dirt and then merely estimate the 
relation to a cleaning sched 

lower than desirable min 
mn February 8, 1958 
crease in light output 
The 


hs hefore 


this 
all the 


with 


reason for was 


lumi 


this 


ad been washed the exe 


ep 


est area By this time, lamps 


en failing rapidly reaching 


ent by February 1958. Replacement 


area were taken from the adjace1 t 
y, such washed lamps deliv 


This 


xperi 


the old unwashed lamps 


interest in cautioning e 


at must be taken when long 


essary 


data 


5 20 
TIME IN MONTHS 


Depreciation curves as plotted from test data. 
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The 


nine readings were averaged for use in data pre- 


tions located under each Group of luminaires 


sented in this paper and in the preparation of 
graphs. The significant data accumulated over ap- 
proximately 244 years are plotted in graph form in 
Fig. 4. 


ly from the average 


The upper set of curves are plotted direct- 
The 


lamp depreciation curve is taken from recent infor- 


readings mentioned above. 


mation provided by lamp manufacturers 
The 


rate of depreciation of dust and dirt accumulation 


upper set of curves in Fig. 4 represents the 
on lamps and reflectors and the normal deprecia- 
tion of the lamps. The lower set of curves show the 
rate of depreciation due only to the dust and dirt 
iccumulation on lamps and reflectors 

In the case of luminaires having slotted top re 
flectors, a certain percentage of light loss will result 


While 


lation 


n re fle ted licht due to ceiling depreciation 
this paper does not attempt to show deprec 
losses due to ceiling and surrounding reflectances, 


the following information is of interest 


Surround Surface Depreciation in Test Area. 


Per Cent 


Decrease 


Average Reflectances 
at start at end 

ng S4 iv 
Columns 87 7 


34 
£2 


Reflectance readings taken with 
Brightness Spot Meter No. 125 
were 


in the 


were Spectra 


Several readings 
taken on work surfaces and stored materials 


test area with averages as noted 
Test Analysis 


4 disclose 


tion of value in the study of maintenance of indus 


The results plotted in Fig informa- 


trial luminaires. To cite one specific example, the 


dust and dirt accumulation is tabulated below, 


using Group I (solid top reflectors) as units with 
maximum rate of depreciation in comparison with 
other types of units tested after approximately 30 


months’ service. 


Relative Depreciation Due to Dust and Dirt. 


In Per Cent 
of Group | 
yup 1aAn 

tsroun 
rou] 


Group 


There is another factor that generally contributes 


to the loss or depreciation of light, referred to as 
lamp mortality. In large lighting installations it is 
not always convenient or economical to spot-replace 
would be to 


lamps as they burn out. However, it 


the detriment of working conditions to allow burn 
ILLI 
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outs to exceed but a few per cent of the total lamps 
in service. A third factor accounting for loss of 
light is lamp depreciation, which like dust and dirt 
is common to all types of industrial luminaires. 
The curves in Fig. 5 show, in combination, the 
three normal, major contributing factors in depre 
‘lation or loss of light output: 
1) Loss due to lamp depreciation and mortality, 
2) Loss due to lamp mortality only, 
3) Total loss including dust and dirt 
The lamp mortality curve, as drawn, is adjusted 
to actual operating performance as experienced 


during the test period This iS, therefore x based on 


The 


able” depreviation curves due to dust and dirt ac- 


an average lamp life of 11,000 hours. “vari- 


Fig. 4 


sults of the lamp depreciation and mortality curve 


cumulation when added to the plotted re 


loss ol 


produce the four “total depreciation” or 


light curves in Fig. 5. 


It is obvious that if no maintenance attention is 
given to a lighting installation a depreciation in 


Yet, it is in 


ceivable that lamps would not be replaced shortly 


excess of 50 per cent is possible. ‘on 
after they burn out unless a strict group relamping 
schedule is followed, where a few per cent of lamp 
outages are allowed prior to complete relamping 
[f lamps are replaced as they burn out, the depre 
ciation due to mortality can be overlooked. Perhaps 
it should be explained that with an installation of 
‘ted 

cent of the lamps will burn out at 100 per cent of 
life. 


lamps burned out between 10 to 15 months and 


new lamps it can be expe that about 50 per 


rated In the tests reported here only a few 
about half of them burned out after slightly more 
than 30 months. 

When new lamps replace burned out lamps, th 
rate of burnout of these lamps will be similar to the 
If the 


these renewed lamps were added, at the proper in 


mortality curve shown in Fig. 5 


curves of 
tervals, after the time when lamps are renewed, to 
the 
composite curve 
third rated life 
level off to the 


same 


installation. a 


the 


original 
After 


replacement of 


burnout curve of th 


would result second to 
pe riod the lamps 
oximately 


placed 


peri vd 


would extent where app 


the 


monthly In 


number of lamps would be re 


the installation tested this 


would not be reached until after the sixth or sev 
enth year 

replaced 
When the 


will not 


Obviously, when burned-out lamps ar 


there is no loss of light due to mortality 


| 


leveling off period is reached, there 


be no loss of light due to lamp mortality but with 


new lamps mixed with old lamps, the lamp depre 


ciation will be maintained at some higher average 


rate than for old lamps only 


The merits of individual or spot replacement 
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M— Loss due to Lamp Mortolity 


M & D — Loss due to Lamp Mortality 
and Depreciation 


Toto! Grevp | 
Tete! Group 


Tete! Greup A 
Total Group I 8 + 


%e Loss of IMumination 


10 1s 20 25 20 
TIME IN MONTHS 


Figure 5. 


Total loss of light due to dust and dirt 


accumulation, lamp depreciation and lamp mortality. 


compared to 


t authors favor 


The 


group relamping maintenance schedule since 


by many a length. 


some 


the most economical procedure to follow when 


group relamping have been discussed 


the 


Is 


sidering the importance of cost of light delivered at 


seeing. 


the point of 


he Committee on Recommendations 


Quality and Quantity of Illumination has r 
that levels of illumination be estab! 


these 


mended 


for specific tasks and that levi 


Set ing 
-onsidered as a “minimum on the task at an) 


Therefore, the maintenance factor no longer 1s 


considered in providing average footcandles 


it must provide for a 


vel of 


Instead, 
low the le 


seeing tasks 
illumination 


This 


footeandles 


that will not go be 
scribed at any tim for the seeing task 
the amount of light 


that when 


yrredetermined level, something must 
assignment of a maintenance tacto 
Moreover, 
conditions of a room will have a 
the MF selected 


dirt he 


must be carefully considered 


pherie 


ing on So it is that the 


tion of dust and omes the truly 


factor in maintenanes 


Une approa *h in determining the 


MF for 


ing system such as reported in this paper 


to construct a set of curves as shown in Fig 


example relates to Group I] type lumina 


per cent uplight Assume that MF 
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lo! 





' 
° s 20 
TIME IN MONTHS 
Figure 6. Analysis of maintenance schedule for Group 


Il luminaires assuming MF 75. 


total depreciation curve crosses the line at 
it loss in illumination, something must be 
the luminaires are washed at this time 
11.5 per cent of the light is regained 

) per cent is realized by replacing burned 
This 


lamp depreciation curve as a new 


making a total of 14 per cent 

13 months. From this point are 
depreciation and lamp mortality 
f curves dotted lines The total 
erosses the 25 per cent loss in 


Washing 


ent and relan ping 


ie at about 18 months 
ks up about 8 per 
lamps about 4 per cent 
the above related procedure again 


This 


fact that at 18 months lamp deprecia 


npractical and uneconomical 


da value of about 13.5 per cent 


inal lamps are beginning to burn ou 


; 


rate. So little would be gained in in 


rht output for the time and money spent 
per cent line is reached the third time 


it is recommended that luminaires be 


all lamps replaced at the 18th mont! 


done, the original illumination level 


fl d the ev le of eve 


nts is re pe ate d 


Maintenance Factors 
lore practical and simple approach 
to assign maintenance factors for each 
results 


condition For instance, the test 


Fig. 4 may be considered as taken in a 


Industrial Fluorescent Luminaires 


room with fairly clean conditions. The next thing 
would be to determine the hours the lighting system 
will be operated per year from which a mortality 
curve can be drawn, as in Fig. 5. Now consider 
group relamping as the most economical mainte- 
nance program to follow. In this connection there 
are two methods that have been used: 

System 1 
lamps burn out, 

System 2— Same as above but also spot relamp 


-Group relamp when 10 per cent of 


the 10 per cent burnouts. 

From the above analysis, maintenance factors 
ean be assigned for various types of luminaires 
for specific room conditions. Taking the conditions 
from the tests conducted, with 10 per cent of the 
lamps burned out at 20 months 


Assigned Maintenance Factors at Twenty Months. 
System | System 2 

from from 

Luminaire Group Fig. 5 Fig. 4 

I 61 .66 

IT .64 .69 

IIIA 67 73 

IIIB .69 7 
The above maintenance factors would be used 
in computing for illumination levels using the lu 
men method. If lamps are permitted to burn out 
without spot replacement of these lamps, the light 
output suffers approximately in proportion to the 
burnouts. To compensate for this, the MF would 
be as shown in the above tabulation for the mainte 
nance program of System 1. This would require 
about 10 per cent more luminaires to achieve the 
minimum footeandles required for a given visual 
task, so it appears wise to follow System 2 using the 
figures shown for MF. This would mean that at the 
end of 20 months each of the “groups” of lumi- 
naires would have depreciated to a predetermined 
value of say, 100 footeandles, at which time it is 
recommended that all lamps be replaced and lumi 
naires washed. Some proponents of group relamp 
ing programs suggest that the spot replacement 
lamps be marked and used again for replacement 
purposes after the first group relamping. Other 
suggestions have been proposed but it is not within 


the scope of this paper to discuss their merits 


Economics 

The establishment of MF becomes an economic 
factor depending upon conditions within a given 
room or shop area. In the particular area where 
tests were conducted, the essential factors of gen- 
eral interest are tabulated in Table I. The assign- 
ment of MF takes into account that at the end of 20 
months 100 footcandles will be obtained after which 


group relamping will take place and luminaires 
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washed to restore the original level of illumination each lighting system depending upon the type of 


The results shown in Table I in regard to costs luminaires used. 
do not presume the necessity of washing luminaires Obviously, when MF values increase, the number 
except at the end of the 20 months’ operation. An- of luminaires required for the job decreases. On 
other approach would be to assign some value such the other hand, if high MF values are assigned 


as MF = .75 to all “groups” of luminaires as previ- 


without care, then it is quite possible that more fre 


ously discussed. If this were done, a planned main- quent washing schedules will be necessary. 


tenance schedule would have to be determined for The matter of economic balance is not an easy 


TABLE I — Comparison of Industrial Lighting Systems. 





Room Size: 100’ x 100’ 
Mounting Height: 14’ 
Room Index: A 

Room Finish: 75/50/15 
Lamps: Cool White Slimline 


Luminaires equipped with all-white all- 


porcelain reflectors. 


Watts: 174 per luminaire 


Power: | ¥2¢/KWH 


Average Annual Costs Based on 100 


Footcandles Minimum. 





(5-9) 


[o_ 0) 





Group I 
Solid Top 


feo 


(299) 





Group II 
11% Uplight 


GROUP JIJA 
30% Uplight 


Louvered 


GRouP Is 
27% Uplight 





Maintenance Factor (MF) 
Coefficient of Utilization 
Footcandles (Initial) 
Number of Luminaires 
Total Number Lomps 


Number Lamps Replaced 
(10% at 20 months) 


Aver. Annual Cost Lamps 
(Group relamp at 20 mos.) 


Aver. Ann. Group Relamp. 
(Labor at 10¢/lamp) 


Aver. Ann. Spot Relamp. 
(Labor at 50¢/lamp) 


Tot. Aver. Ann. Relamp Cost 
(Group and Spot Replacement) 


Tot. Aver. Lamp Cost 
(Lamps and Labor) 


Cleaning Cost/ Luminaire 


Annual Amortization 
(10% of Original Cost) 


Annual Power Cost 
(1 Yae/KWh) 


.66 
72 


42 


$ 640.00 


$ 25.20 


$ 12.60 


$ 37.80 


$ 677.80 
$ .60 


$1140.00 


$2190.00 


69 
74 


39 


$ 597.00 


$ 23.50 


$ 11.70 


$ 35.20 


$ 632.20 
$ .60 


$1060.00 


$2050.00 


72 
64 


43 


$ 662.00 


$ 26.00 


$ 12.90 


$ 38.90 


$ 700.90 
$ 1.00 


$1465.00 


$2270.00 


75 
7) 


38 


$ 573.00 


$ 22.55 


$ 11.40 


$ 33.95 


$ 606.95 
$ 0.80 


$1080.00 


$1960.00 





Tot. Aver. Ann. Oper. Cost 
% of Group | 


$4083.00 
100 


$3813.00 
93 


$4566.00 
112 


$3737.00 
91 





Totai First Cost 
(Includes Lamps) 


% of Group | 


$12,400.00 
100 


$11,600.00 
94 


$15,700.00 
127 


$11,700.00 
95 





Glare Factor—Crosswise 


Glare Factor —Lengthwise 








(G) 230 
(G) 200 


(G) 190 
(G) 160 








(C) 27 
(C) 33 
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f efficienes Thus, in many instances, group relamping may 


needed to supply the answers to this and other aspects o 
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A Discomfort Glare Evaluator 


(2. IMPORTANT part of the over-all 


problem of obtaining quality of Jighting is the 
development of a simple and practical method for 
evaluating the visual discomfort produced by lumi- 
naires and other sources of brightness. However, 
it has long been recognized that generalized con- 
clusions derived from laboratory experiments must 
be substantiated by, or modified in accordance with, 
the results of investigations conducted with practi 


cal situa 


tions. Therefore, it is necessary to devise 
instruments and techniques which can be used to 
al lighting systems in such a way that 
related to the 


the findings can be fundamental 


investigations’ has pro- 


An extensive series of 
vided considerable information about the relation 
ships among the factors which influence discomfort 
in lighting. Adapting the technique used in these 


bas studies, a Discomfort Glare Evaluator has 


been designed and constructed. The purpose of this 
paper is to describe the evaluator and to present 
data obtained by a group of 50 observers for several 


ons of luminaires 


Discomfort Glare Evaluator 


Greneral Technique. In order to be able to direct 
results of so-called practical inves 
tigations with fundamental data, it is necessary to 
hnique similar to that used in the labora 
initial investigations! of brightnesses 


in the \ ial field at the borderline between com 


fort and discomfort (BCD), the technique involved 
momentary exposure of sources of brightness. The 
same procedure was used in subsequent experi 
ments All of these included a number of condi 


ions in which the brightness of a comparison 


source located on the line of sight was adjusted 


until it produced the same visual sensations pro- 


‘ 


duced by the brightnesses of sources above the line 


of sight 


This technique permits rating a complex 
combination of sources in terms of the simple cir- 


eular source used in laboratory investigations and 
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about which a great deal is known. In this respect, 
the technique is similar to that used for evaluating 
the visibility of objects in terms of a standardized 
laboratory test object. 

It is desirable to be able to “calibrate” observers 
in order to determine their sensitivity to brightness 
and how they compare with those who participated 
in the basic investigations. The same momentary 
exposure technique is used for this purpose. That 
is, the observer is required to adjust the test source 
until it produces a sensation at the borderline be- 
tween comfort and discomfort. This is termed the 
BCD sensation. Thus, all data are obtained by the 
same method and are directly comparable. Since 
this has been found to give consistent and reliable 
results, it was adopted as the basis for the Discom- 
fort Glare Evaluator. 

Instrumentation. The components of the Discom- 


for Glare Evaluator, illustrated in Fig. 1, include 


a head-rest with movable and fixed shields, a light 
source, and control units for the experimenter and 
observer. A close-up of the head-rest with the mov- 


able shield in the “down” position and the ob- 
server’s control are shown in Fig. 2 





Discomfort Glare Evaluator showing the head- 


Figure 1. 


rest with fixed and movable shield, test-source and 
control units. 
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Figure 2. Close-up of head-rest showing movable shield 


in “down” position. 


When the movable shield is in the “down” posi- 


tion, all of the test luminaires are excluded from 


the visual field of the observer. The chin-rest is 
adjusted so that the cut-off is just below the far- 
thest luminaires. When the movable shield is 


rotated upward, all of the luminaires within ap 
proximately 50 degrees of the line of sight are in 
The movable shield is 
selected, 


cluded in the field of view 


made of diffusing plastic, so that when 


illuminated by nearby luminaires ,its brightness 


approximates that of the field. The fixed horizontal 
shield above the observer’s head was added to shad 
the movable plastic shield from the luminaire di 
rectly overhead and to reduce disturbing reflections 
from equipment. 

of a transillu 


CONSISTS 


The circular test-source 
minated diffusing glass. By using an appropriate 
filter between the lamp and the diffusing glass, 
apparent constancy of color of the test-source is 
obtained for relatively large changes in voltage 
of selected to 


cover the desired range of brightness 


Lamps appropriate wattage are 
This mini 
mizes the possibility of the color of the source influ 
encing the judgment of observers 

The 


diagonally positioned mirror 


viewed in a small 
l and 3). This 


wall of the 


circular test-source is 
Figs 
offers minimum obstruction of the far 


When the is off, a 


brightness is provided which matches the far wall 


room test-source “stand by og 


brightness. Furthermore, an appropriate gray 


the 
brightness also matches that of the 


mask, reflectance of which is selected so its 


wall, surrounds 
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the test-source. Thus, the observer sees a luminous 
spot the of the 
Throughout the entire investigation, the test-source 


viewed against far wall room. 
was located on the line of sight at an apparent 
distance of ten feet from the eyes of the observer. 
Its diameter was 2.70 inches which, at the standard 
0.0004 This solid 


angle is within the range of sizes included in the 


viewing distance, is steradian. 
original BCD experiments 

A timing mechanism in the operator’s control 
the exposure of the test- 
When BCD evaluations are 


made, the movable shield on the head-rest remains 


unit governs sequence 


source and luminaires. 


in the “down” position at all times. The test-source 
is presented for one-second exposures separated by 
one-second intervals during which the observers are 
A 10-second 


evele is used during which the test-source is pre- 


exposed only to the field brightness. 


sented for a subjective evaluation three times, and 
the remaining short period is allowed for the ob- 
server to alter its brightness 

When 


lighting systems, the source on the line of sight — 


making comparative evaluations of the 


now termed the comparison-source — and the lumi- 


naires are alternately exposed to view. That is, the 
movable shield rotates upward so that the lumi- 
During this period the 


When the shield 


the comparison 


naires are ¢ x posed to view 
comparison source is turned off 


returns to its “down” position, 


source is again turned on. The exposures are of one- 


second duration and they are separated by one-see- 


ond intervals. Each group of three exposures is 
followed by a five-second period for evaluating the 
sensations and altering the comparison brightness 
of the comparison-source. The observers are re 


quired to adjust the brightness of the comparison 





General view of Condition D illustrating posi- 


Figure 3. 
tion of comparison-source on line of sight, 


comfort Glare iD alivator (rutit 





source until it produces the same visual sensation 
as the luminaires. At all times, the observers keep 
their eyes fixated upon the position of the compari- 
They are permitted as many cycles as 


s 


m-sourcee 


necessary for making an appraisal 


Experimental Conditions 


Laghting. Five combinations of luminaires were 


selected for study in this investigation They cor- 
respond to typical four-lamp 40-watt fluorescent 


units and were arranged as shown in Fig. 4. Con- 


dition D is illustrated in Fig. 3. The units were 
mounted five feet above the eyes of the observers 
who viewed the room lengthwise from the points 


marked a? , Fig } 


was six feet, center-to-center, and the longitudinal 


The spacing between rows 


spacing was on a four-foot module. Arrangements 
A and B, of course, are not typical lighting sys 
tems. They were included because it was desired 
to obtain as wide a variety of conditions as possible, 
but still consistent with the seope of the investiga 
tion. With the number of luminaires ranging from 
the minimum to maximum available, the wall 
brightnesses were from 1.3 to 34 footlamberts 
Observers. Fifty observers, selected at random, 
participated in the investigation. In general, they 
were considered naive, since only a few had ever 
participated in experiments of this sort, and then 
Each 


observer made two sets of observations with each 


only in a preliminary exploratory study 


experimental condition 1) BCD evaluations and 
2) comparative evaluations of the luminaire com- 
binations. The observers were permitted as many 
10-second cycles as necessary for making a com 


plete appraisal for each condition. A repeat series 


bo . } 
bh 
> Lo) > 
* _ 
D E 


t-lamp, 40-watt 


fluorescent luminaires used in the present investigation. 


Figure 4. Arrangements of typical 
Observer was located at position marked “X.” 
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TABLE I — Observed BCD Brightnesses and Computed 
Values of Index of Sensation M for the 
Five Experimental Conditions. 


BCD Field Index of 
Brightness Brightness Sensation 
Conditions (fl) (fl) M 
\ 555 1.3 128 
B 1237 6.8 130 
( 1264 7 131 
, 2118 20.€ 133 
I 2581 42 128 


of observations was made by each observer on a 
later date, and the averages of both are used in the 


comparison and analyses which follow. 


BCD Evaluations 


The BCD evaluations provide a ready compari- 
son with the original experimental data on circular 
sources. When these observations were made, the 
movable shield remained in the “down” position at 
all times and the observers adjusted the brightness 
of the test-source until they judged it to produce a 
sensation at the borderline between comfort and 
discomfort or the BCD sensation. The mean values 
obtained by the 50 observers for each of the experl- 
mental conditions are presented in Table I and are 
plotted in Fig. 5. These brightnesses plot as a 
straight line on logarithmic coordinates and may 
be represented by the equation 

B= 499 F°-* (1) 
where B is the BCD brightness of the source and F 
is the brightness of the wall area against which the 
source is viewed. The latter is assumed to be the 


field brightness. 
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FIELD BRIGHTNESS F (FL) 


Figure 5. Relationship between BCD brightness B of 

test-source located on line of sight and ficld (wall) 

brightness F. Solid line represents resu'ts obtained in 

the present investigation and can be compared with 

those which were obtained in the original investigation 
(broken line). 
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The straight line relationship agrees with that 
obtained in the previous investigation. The broken 
line represents the relationship between B and F 
found in the basic BCD experiments.' The close 
agreement in the exponent of F is of particular 
significance. It indicates that the effect of increas- 
ing field brightness is judged by the present group 
of observers to be very nearly the same as that by 
the previous observers when the experimental pro- 
cedure is identical. 

The coefficient of F, as determined in this inves- 
tigation, is approximately 20 per cent higher. This 
indicates that, on the average, the present group of 
observers is slightly less sensitive to brightness 
than the original group of observers. Another man- 
ner of illustrating the differences between the two 
groups is in terms of the index of sensation M. This 
has been computed for each condition by means of 
the basic BCD equation: 

B 
M (2) 
P F°.44 (q@—°-21 — 1,28) 
where 

B=BCD brightness in footlamberts, 

P = Position index, 

F = Field brightness in footlamberts, 

1.) Solid angle subtended by the source in 

steradians, 
The values of M (Table I 


with 108 obtained in the original investigation 


average 130 compared 


Such variations are not considered unusual because 
of the many physiological and psychological factors 
They do 


emphasize the need for using large groups of ob 


which influence subjective evaluations 


servers in order to establish absolute brightness 
limits 

It was found that the subjective variations of 
relative BCD brightnesses were very similar for the 
Therefore, all the 


data have been combined and plotted on a normal 


five experimental conditions 


probability integral scale as shown in Fig. 6. The 
relationship may be represented by a straight line 
which indicates a normal or Gaussian distribution. 
There appears to be a trend toward a slight flatten- 
ing of the lower end of the relationship shown in 
Fig. 6 


a lower practical limit of source brightness which 


This would indicate that there probably is 
no one would consider uncomfortable. That is, even 
the more sensitive observers would not be expected 
to object to a source brightness of about 20 or 30 
per cent of the average BCD brightness 

The range of relative BCD brightnesses selected 
by the present group of observers was from about 
20 to 205 per cent of the average BCD value. In 
the previous investigation,’ that group of 50 ob- 


servers indicated a range from 35 to 180 per cent 
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Figure 6. Per cent of observers who have judged specific 


relative test-source brightness to be at or less than BCD. 


of average BCD brightness. In other words, the 
present group includes observers who exhibit great- 
er and lesser sensitivity to brightness than the 
While the average BCD is slightly 


higher, it is believed that the range is equally im- 


original group 


portant 

These data indicate that the momentary exposure 
technique produces consistent results for the BCD 
investigation com 


sensation. Data obtained in this 


pares very favorably with those obtained in the 
original BCD experiments and can be related to 


them 


Evaluating Luminaires 


f the Discomfort Glare 


The primary purpose « 


Evaluator is to provide a technique, comparable to 
that used in the laboratory, which will make it pos 
sible to determine how well an empirical method of 
computing discomfort glare ratings agrees with 
subjective evaluations 

In previous experiments,’ limited data obtained 
with several typical lighting systems resulted in 
the development of a tentative proposal for rating 


rroups ot 


sources. However, certain limitations 
restricted the general applicability of this method 
to many practical situations. More recently a new 
method has been suggested by F) which appears 
to overcome many of the objections which have 
been raised regarding previously proposed meth 
ods. It is this new method which is being compared 


with the results of the present investigation 


In this part of the present investigation, the five 


combinations of luminaires shown in Fig. 4 were 
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rABLE Il — Comparison-Source Brightnesses and 
Computed Ratings for the Luminaires of 
the Five Experimental Conditions. 


Experimental Conditions 
A B Cc D 


1. Comparison Brightness (f{L) 614 710 1476 1956 2567 
2. BCD Brightness (fl 555 1237 1264 2118 2581 
3. Comparison/BCD 1.11 0.57 1.17 0.92 0.99 
4 sminaire Rating (w/w 0.73 0.25 0.92 0.60 0.74 


evaluated by the 50 observers. The comparison 
method was used. That is, each observer adjusted 
the brightness of the source on the line of vision 
(comparison source) until it produced the same 
visual sensation as the luminaires. At all times, the 
eyes of the observers remained fixed on the position 
of the comparison source and the luminaires were 
seen by indirect vision. 

The mean brightnesses of the comparison source 
of each of the experimental conditions obtained by 
the 50 observers are presented in line 1 of Table II. 
These values represent the subjective evaluations 
of five lighting systems which differ in the number 
and location of luminaires and in brightness distri- 
bution in the visual field. The relationship of each 
of these values to the corresponding BCD bright- 
ness (line 2) is an indication of the relative dis- 
comfort produced by the group of luminaires. 
These ratios are tabulated in line 3. If the com- 
parison-source brightness producing the same sen- 
sation as the luminaires is equal to the BCD bright- 
ness, it is concluded that the lighting system is at 
the borderline 


The ratios of 


between comfort and discomfort. 
omparison/BCD range from 0.57 
These 


BCD brightnesses 


for condition B to 1.17 for condition C 
ratios correspond to relative 
Thus, for example, using the relationship shown in 
Fig. 6, condition B is indicated as being acceptable 
to about 80 per cent of the observers. Similarly, 
condition C would be acceptable to less than 40 per 
cent of the group 
An interesting and significant comparison is in 
terms of the physical characteristics of the lumi- 
naires and the method of dealing with lighting 
systems suggested by Fry.° In brief, he proposed 
that a source of brightness be rated by 
® 
G (3 
® 
in which @ is a glare or discomfort rating, © is the 
solid angle subtended by the source and @ is the 
solid angle required for the same source, acting 
a sensation at the borderline be- 
When com- 


puting @, the source brightness, its position factor 


alone, to produce 


tween comfort and discomfort (BCD 
and the field brightness are the same as that for the 
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source being evaluated. Equation (2) is used for 
determining © by using a value for M which cor- 
responds to average BCD. 

When a group of sources or luminaires is in- 
volved, the rating of the entire system is taken as 

@1 2 Op 
G;y=—+— + 
QO; @2 On 
In other words, simple additivity of individual 
discomfort ratings is assumed. It is emphasized 
that this results in an arbitrary numerical rating 
which does not indicate the amount of discomfort 
produced by the group of sources. That is, doubling 
the rating does not imply twice as much discom- 
fort. However, larger values of Gr do represent 
less desirable visual situations. According to Fry’s 
analysis, this method of computing discomfort 
ratings has considerable merit. 

Values of w/G have been computed for the five 
experimental conditions and are listed in line 4 of 
Table II. These are plotted against the ratio com- 
parison/BCD in Fig. 7 (solid circles). The values 
may be represented by a linear logarithmic rela- 
tionship. This indicates that the summation of @ / @ 
for the luminaires is related to the experimentally 
determined ratio of brightnesses by the simple ex- 





(4) 


ponential function 


5/2 nee Comparison } ?-*? 5) 
y $= — = } omnes = (oO 
Gr aan \ &) - BCD 


The experimentally determined Comparison /BCD 
ratio for condition E is 0.99. That is, this lighting 
system is judged by this group of observers to be 
approximately average BCD. On the same basis, 
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Figure 7. Relationship between observed values of 
comparison/BCD brightnesses and computed w/w ratings 
for the luminaires. Solid circles represent the five con- 
ditions of the present investigation. Open circles indi- 
cate three conditions from previous experiment. 
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the computed rating in terms of @/@® would be 
expected to be equal to 1.0 if the group of luminaires 
is at average BCD. However, the computed ratio 
for this group of luminaires is 0.74, which indicates 
less discomfort than that experimentally deter- 
mined. Theoretically, the two ratios should be ex- 
pected to be equal. Such a difference can be caused 
by any one or more of a number of factors, such as 
subjective effects, or omitting certain unknown 
factors from the empirical formula. However, it is 
important to note that the computed relative rank- 
ing of the five conditions is the same as the experi- 
mentally determined ranking. It appears that the 
unknown factors apply consistently to all condi- 
tions. On the basis of Fig. 7, the ratio w/@ is 
about 0.7 when the luminaires are judged to be at 
the borderline between comfort and discomfort. 

As a matter of interest, three conditions studied 
in a previous investigation® are represented on Fig. 
7 by the open circles marked X, Y and Z. Adjust- 
ing for differences between the two groups of ob- 
servers, the subjective evaluations, in terms of the 
Comparison/BCD brightness ratios, were 0.93, 1.19 
and 2.13, respectively. It is seen that two of the 
values plot very close to the relationship obtained 
in the present investigation. Even the highest 
value, Z, confirms that this particular lighting sys- 
tem was quite uncomfortable. In fact, according to 
Fig. 6, all observers would be expected to find it 
quite objectionable. Conditions Y and Z involve 
the same arrangements of luminaires as D and E, 
average luminaire 


respectively. However, the 


brightness of Y and Z is 590 footlamberts as com- 


‘led 


pared with 375 footlamberts for D and E. Even 
though the wall brightnesses were proportionally 
higher, X and Y are indicated as being less com- 
fortable than D and E. The general agreement 
between the two investigations is significant. 
Similar computation of o/@ for a number of the 
single sources used in previous investigations indi- 
eate that this ratio is less than unity for the aver- 
age BCD sensation when an allowance is made for 
subjective differences. Such variations indicate the 
need for further research with additional lighting 
systems and with large groups of observers in order 
to develop a discomfort glare evaluation method 
which will be considered sufficiently reliable for 


practical application. 


Conclusion 

As previously indicated, the primary purpose of 
this paper is to describe a portable device which can 
be used for evaluating the visual discomfort pro- 
duced by lighting systems. The data obtained with 
50 observers show a consistent relationship with the 
basic BCD data. Furthermore, the relative dis- 
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comfort evaluation obtained with five combinations 
of luminaires are relatable to computed ratings and 
are remarkably consistent. Confirmation of this 
relationship with additional lighting systems which 
include a wide range of relative discomfort should 
illustrate that a proposal of using the relationship 
of w /@ as a measure of discomfort has considerable 
merit. By obtaining BCD data with the Discom- 
fort Glare Evaluator, it is possible to relate any 
observer to those who have participated in the lab- 
oratory investigations. 

Since the same technique involving momentary 
exposure of sources has been used by Putnam and 
his associates,® the Discomfort Glare Evaluator 
should be applicable to evaluating street lighting 
systems. Preliminary tests with an earlier model 
of the Discomfort Glare Evaluator with experi- 
mental roadway lighting situations indicate much 
promise. 

When more data are available, it may be possible 
to develop a subjective comfort-discomfort scale. 
Similarly, evaluations by large numbers of ob- 
servers will serve to confirm the Visual Comfort 
Index method of presenting discomfort glare evalu- 
ations. Obtaining these additional data may seem 
to be a long task. However, this new evaluator 
for relating practical situations to fundamental lab 


oratory data should simplify matters considerably 
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DISCUSSION 

R. G. Hopkinson:* There are many features of tl paper 
which eall for admiring comment and T would like to add 
my congratulations to that of the other diseussers. Clearly, 
the work shows that the problem of the evaluation of glare 
sensation can be solved along classi nes, for what the 
authors have done is to devise a null method of « iation 
such as has been shown in, for example, the measure of 
visibility, to give reliable and repeatable results. It should 


be relatively easy for observers with: special training to 


use the evaluator, because its simplicity should permit an 

adjustment to the borderline between comfort and diseom- 

fort to be made in a lighting inst ition without any 

more difficulty than in a laboratory. 

*Building Research Station, Garston, Hert England 
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lent to the brightness of a uniform field. One should not 


be discouraged because the correlations are not perfect. We 


have yet to learn how to make allowances for the varia 
tions in brightness throughout the field. 
Warp Hargison:* I am much interested in the authors’ 


presentation and particularly in their reference to the close 
correlation between their tests and Dr. Fry’s formula, based 


for the summation of discomfort glare from a 


of 


on area, 


number light sources. If further investigation confirms 
this relationship, it may mean that finally we have arrived 
at an authoritative and accepted formula for the evaluation 
of discomfort glare 

In Table II, 


the various installations tested, in terms of 


values for 
For 


Carrying 


the shown 


BCD. 


00 


line 3, authors have 
in 
18 


stallation D the figure is .92, and for E, it 


these values over to Fig. 6 of the paper, it becomes evident 
that in the case of installation D, approximately 60 per cent 
of the observers judged the lighting satisfactory, and in the 
51 These 
the same room and were alike in every 
D, half of the 
show that 
Turning off half the lights is just 
they to 


ase of Room E, only per cent were satisfied two 


installations were in 


respect except that luminaires 


off and 


improved. 


in were 


turned the tests comfort conditions were 


thereby what 


people have learned to do when are forced work 


inder a lighting installation which is not comfortable; they 


forego needed footcandles order to be less annoyed by 


the li 


in 
ght 
be 


sources 4 well-designed lighting installation 


should satisfactory to 90 per cent or more of the users, 


ind under these circumstances, there is no tendeney for 


people need 


The 


to deny themselves the lighting they 
(VCl been in 
and Mr. Meaker and I thought it would 
interesting to compute the VCI of the two typical light 
D and E of the The 


54, respectively, comparison 


Visual Comfort Index evaluation has 


tor 


use 


be 


some time, 


ng installations, computed 


paper. 
the 
VOI 


values are 75 and in with 


authors’ evaluations of 60 and 51. In other words, the 
more lenient than the 
D. If the 
for the 


VCI values 


vere somewhat iuthors’, 


se of installation well estab 
$4 had 


Holliday’s .30, 


now 
used 


the 


been exponent of sur 


round instead of would have 


checked even more close ly 


H. | 


atr 


Lan This Glare Evaluator is an ingenious in 


iment. Its development will aid in more ways than the 


inventors now suspect, the exploration of a very complex 


It ean be adapted, for example, to investigating 


It 


in 


the elusive asantness” visual 


of “pl 


qua im a 


scene 


turn out to be more useful in that connection than 


diseomfor 
ipa 
and although this instrument 
based, 


ration of visual 
The real 


ibstract 


visual world from the 


the 
to bridge 
the lab 


is far rt simplified 


ions of iboratory, 


s an attempt the gap, it is in its present 


form the 
crep 
than 


on rratory target but dis 


and 


This is logieal, 


incies found seem to more important and larger 


the uthors believe, this may be partly due to 


characteristies of 


The real 


the the target. 


visual world generates retinal gradients, which 


ict as stimuli in addition to the photometric characteristics 


of the field of view. Two different visual fields that are 


numerically similar as far as photometric measurements are 
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concerned, may therefore cause different comfort responses. 
Using a non-gradient target as the standard for comparison 
may be something like comparing cats with dogs. However, 
it is the proper first step and will undoubtedly lead to 
more satisfactory comparison standards :n the future. 

The remark of the authors that aside from a small expo 
nent difference, there is but a 20 per cent difference in 
coefficient, is puzzling. Comparing the original formula 
given by Dr. Guth’ with his latest equation, there seems to 
be a 40 per cent difference. Perhaps the authors will clear 
this up 
I Luckiesh, M., and Guth, 8. K Brightness in Visual Field at 


the Borderline Between Cor and Discomfort ILLUMINATIN 


ENGINEERING, Vol. XLIV, No. 11. p. 650 (November 1949 





CuHarRLes H. Rex:* The Evaluator developed by Dr. Guth 
and Mr. MeNelis has been a 


work for the “Computation of 


valuable aid in guiding the 
Relative Comfort and Rela 
tive Visibility Factors for Roadway Lighting.’ Realizing 
the urgency of field testing for visual comfort ratings under 
roadway lighting conditions, the authors built and delivered 
one of the first Evaluators to us for use on our outdoor 
facilities in Hendersonville, N. C 

It is my understanding that this Evaluator was conceived 
and developed in response to a request for field instrumen 
tation to aid visual comfort ratings Such a request vas 
made several years ago on behalf of the LES Roadway 


Lighting Committee Apparently, this development is an 


other instance where roadway lighting has assisted progress 
in research and knowledge on interior lighting. 
We have been using the Evaluator for more than a year 


in night tests on the main street of our Outdoor Demonstra 


tion Laboratory ['wenty-six observers have made some 800 


field observations of relative visual comfort ratings for re} 
resentative roadway lighting systems involving mercury and 
filament lamps 

Numerical ratings for the visual comfort quality of road 
way lighting is an impelling objective which fully justifies 
such night work. It is an essential step toward increasing 
the night use of the publie investment in automotive trans 


portation facilities. One of the advantages of this Evalua 
tor is that it may be used to demonstrate and provide 
better understanding of the fundamental practical ility of 
the BCD concept. We find that an observer sitting in an 


~ 


automobile readily adjusts the brightness of the flashing 
comparison source to the borderline sensation between com 
fort and discomfort 


Another advantage is that the driver-observer 


n appre 
ciate the fact that the BCD brightness for a roadway light 


ing system increases with appreciably higher eld bright 


ness, including the brightness of the pavement background 


against which the flashing comparison source is being 
viewed This improves the relative visual eomfort ratio, 
unless accompanied by a corresponding increase in the 
combined brightness of the system luminaires rhe latter 


f the relative comfort 


may be increased within the limits <« 
ratio without decreasing the relative visual comfort In 


general, progress involves higher brightness at or near the 


pavement level, with lower brightness at th uminaire 
mounting level 
These examples are only indicative of the usefulness of 


the Evaluator in aiding comprehension of visual comfort 
principles and ratings which make night driving easy and 
pleasant for millions of drivers. Thanks to the ithors for 


iccomplishment 
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S. K. Gurma anp J. F. McNe.is: It is always gratifying 
to authors to receive complimentary and encouraging com 
ments on their work. Research is never ending, and the 
points raised in these discussions certainly emphasize this 
Furthermore, they key in with some of the many questions 
we have isked ourselves. Unfortunately, space limitations 
never seem to permit covering ill aspects of a proble m 

We are particularly interested in Dr Hopkinson’s com 
ments because of his own long experience with discomfort 
giare research. His question as to why the ratio of COMP 
BCD brightnesses should necessarily be a measure of glare 
sensation is well taken We did not intend to give this 
Ln pression Che ratio is a “discomfort 1 ing” and, as such, 
indicates the ranking of a lighting system \ probability 
plot, such as Fig. 6 of the paper, could be used, as we have 


done in the past, t 


» convert this rating into a more mean 
ingful value which represents the percentage of observers 
who will find the system to be at BCD. On the other hand, 


the ratio could also be 


related to a subjective seale of 
sensation, similar to that devised by Holladay, or the mul 
tiple criteria used by Dr. Hopkinson. The ratio does have 
the advantage of enabling us to compare various lighting 


systems which incorporate many combinations of the vari 


ibles involved. In other words, the ratios represent subjee 
tive evaluations of relative discomfort, but do not, by them 
selves, tell us whether one system is twice is glaring as 
nothe Perhaps the direct numerical assessment of. glare 
ensation magnitude which Hopkinsor nd Bradle, ré 
studving ! le means for ” ting these ratios into 
etu n sures of magnit lé 

Each method of evaluating glare, the nu nd sealar 
methods, have merit In laboratory experiments, where the 
eonditions ¢an be vanied at wi the sealar method ean he 
used quite successfully, s has been demonstrated by Dr 
Hopkinson On the other hand hen « uating specific 
lighting svsten one e¢annot chang conditions. but must 
use a method which permits rating it as it exists Fur 
thermore, our single eriterion BCD method has been . 
tremely suceessful with naive observers No training has 
been necessary It is our understanding that the multiplk 
criterion method does require onsiderable training 

Dr Hop nson seems to feel that our finding slightly 
greater variation among observers is fortunate because it 
indicates better agreement with his own data Actually, the 
differences between our 1949 and 1958 groups are m rreat 
One observer of the present group exceeded the highest 
observer of the earlier group At the low end, three ol 
servers fell outside the original grou; However. this does 
emphasize the need for more investigations t rg 
groups of observers 

The importance of the surrow brightness agair el 
the test source of the Evaluator see! I 
Fig. 5 of the paper rhe comparison « tions of h 
ghting system were made with the ne ! ! ‘ 
BCD observations As ! it ' t 
Tar wa oft he 00 rhe ~ irt tl t ~ I 
In ot ol this e nor ! BCD 
nd comparisor tions 
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R ling the iriance of the BCD settings, we found the 
standard deviation of the individual observers to be 0 27 log 
footlambert for our group of 50 observers. This is some 
what less than that reported by Dr. Hopkinson. However, 
of even greater importance is the standard error of the 
h was found to be 0.037 log footiambert. The 
first is, of cours in estimate of the dispersion of BCD 
settings for individuals, whereas the second is an estimate 


f the variability wssociated with means of BCD settings 


that much has to be learned about 


environments and the.> 


how | with actual visua 

diff ! rom many of the conditions used in experimen 
ta rk. Indications are that the Discomfort Glare Evalua 
tor n pr le a means for relating the two. 

Dr. Ha ! mmparisons of the Visual Comfort Index 
values with our results further illustrates the agreement 
that ! obtained between computation and experimen 
tal dat Obviously, our knowledge of discomfort glare is 
far from complete, and certain empirical assumptions must 

en developing a method for computing glare 

ating However, as Dr. Harrison indicates, these assump 

ons n be based upon logic and sound judgment until 
more adequate fundamental data are available 

The ggestion Mr. Logan’s regarding “pleasantness” 
offers me intriguing thoughts. It may be possible to ad 


ist the Evaluator brightness until it is as equally un 


sant as a visual environment. However, to use his own 
words, this would seem even more like comparing “cats with 
gs Mar more factors are involved in “pleasantness” 
thar ' lis mfort nd m iny are of purely psye hological 
In June 1958, a new set of footcandle recommen- 





dations was adopted by the Illuminating Engineer 
ing Society. The new values, in most instances, are 
considerably higher than the superseded ones. This 
means that many of the LES Lighting Data Sheets 
published before June 1958 report lighting instal 
lations that do not meet present IES recommended 
practice, so far as the number of footcandles on the 
task is concerned 

It should be recognized, however, that the foot- 
candle level provided is only one of several con 
siderations that determine the quality and all 
round adequacy of a lighting installation, and its 
suitability for recording in an IES Lighting Data 
Sheet. Visual comfort. brightness ratios, and the 


and emotional character. A visual environment could be 
designed with complete absence of discomfort, for example, 
a uniformly illuminated hemisphere with no glare sources 
present, but it probably would be considered most unpleas 
ant from the viewpoint of esthetics. 

The use of a laboratory target in the Discomfort Glare 
Evaluator should in no way detract from its usefulness. 
This is an accepted method for obtaining comparative data 
and for relating one condition to another. Our instrument 
has been devised for evaluating direct discomfort glare. As 
we have pointed out, there are certain differences, such as 
brightness patterns, between laboratory and actual environ- 
ments. The Evaluator should materially aid in determining 
how these differences need to be handled in a complete 
system of evaluation. 

The apparent differences in the coefficients of our 1949 
and 1958 formulas involve the sizes of test-sources to 
which they pertain. The earlier published formula was in 
terms of a source size of 0.0011 stcradian. The present data 
are for a source size of 0.0004 steradian. A smaller size 
of souree permits a higher BCI) brightness, as is shown by 
our basie data, and this has been used for determining the 
coefficient shown in the preseat paper. Thus, the difference 
is 20 per cent. 

We agree that many more than five lighting systems need 
to be evaluated in order to adequately compare the Evalua 
tor data with the Fry method, or any other method, for com 
puting glare ratings. The primary purpose of this paper was 
to describe the Evaluator and illustrate the type of data 
which could be obtained. We plan to continue our activities 


in this direction. 


IES Lighting Data Sheets and 
the New Footcandle Recommendations 


inherent appropriateness of the lighting system to 
the lighting application are equally important. 

It is suggested, therefore, that IES Lighting 
Data Sheets issued before June 1958 may still be 
used with confidence as a guide to good lighting 
practice so far as lighting techniques are con- 
cerned. To determine whether the footeandle 
values indicated meet present recommendations, 
consult the footecandle tables published in the 
August 1958 issue of ILLUMINATING ENGINEERING 
and supplemented in the February 1959 issue, or 
in the third edition of the IES Lighting Handbook. 


SUBCOMMITTEE ON LIGHTING Data SHEETS 
PUBLICATIONS COMMITTEI 
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South Central-Southeastern Join Forces 





day and the next, presenting an excellent 


program of papers (see details below). 


Regional Conference, Asheville, N. C. MMILJ 


Query: Are two hosts better than one 
for a Regional Conference? Delegates 
to the joint meeting of the South Cen 
tral and Southeastern Regions could well 
say definitely! There were other fac 
tors in its suecess, though, than the 
double-barrelled sponsorship. 

The location, for instance. This, it 
would seem, had considerable influence 
on the nature of the meeting. Many fea 
tures of the technical program were 
significant, but the over-all nature of the 
conference was a happy springtime cx- 
perience. For one thing, it was held at 
the Grove Park Inn on the outskirts of 
Asheville, N. C., in April. For another, 
this beautiful mountain resort Inn was 
peopled exelusively with ILES’ers attend 
ing the meeting, and their wives. This 
circumstance usually generates a one-big 
house-party feeling. The fun they had 
will be long remembered by the 152 who 


attended, and Kodachrome slides of the 





DOUBLE-BARRELLED Conference 
Veeps: J. M. Gensburger (left); South Central; J. A. nical sessions of the Asheville Conference 
to right: Wade Evans, Session Chairman; Jack Holzinger, 


Banton (right), Southeastern. In center is opening ses- 
Chairman, Suwannee Rambusch Decorating Co.; W. P. Lowell, Jr.. Sylvania 


sion chairman, R. A. McMichael, 
River Chapter, 
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Although this was only the second Re- 


dogwood, azalea, rolling mountain coun gional Conference held, with seven to go, 
tryside and vast stone fireplaces within it should be safe to say that this will 
the Inn will remind them of it anyway. surely be one of the best of MMIL.J con- 
Several national officers attended this tests. Others have had the same good 
conference. The regular IES Executive organization as this Southern’s contest 
Council met at the Grove Park Inn the was excellently organized by Coy C. Jor- 
entire day prior to the conference, and dan, Chairman), and others have had a 
all of the officers present stayed on for good representation from their loeal 
the Regional. Another pre-conference groups. But Southern’s had everything. 
event was the bus caravan, ensemble, to Every Section and Chapter was repre- 
Hendersonville 20 miles away wher sented and so were both classes (13 con 
everyone attending the conference wit testants in all), and the competition was 
nessed a demonstration of the street terrific. There were, of course, two con- 
lighting testing grounds there. tests one for each Region. Here’s how 
Following a breakfast meeting for in it lined up, eventually 


coming and outgoing officers of both 
: . . . Ss theastern Regio 
Regions’ Sections and Chapters, with iniaatis rn Region 


both Regional V-P’s serving as chairmen, Class I— Sara Perkins, Georgia Section, 
the Conference proper opened officially First Prize 

on Thursday morning, April 23. Edwin Si Bell, Florida Section, Second Prize 
Gill, Treasurer of the State of North Paul C, Butler, Tar Heel Section, 
Carolina gave the keynote address. Four Third Pr 

technical sessions followed, during that ‘ tinued page BA) 





had two Regional SOME of the high level speakers featured at the tech- 


Electric Products, Ine. 
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HAPPY DAY! Winners for Southeastern Region's MMILJ right, Sara Perkins, Class I. President Taylor and V-P 


contest are, photo at left, Ralph Bush for Class II and at Banton present the prizes. 





‘ 





SOLTH CENTRAL REGION winners Edna Fortier (Class cial) receive checks and congratulations from President 
1, Residential, left) and C. D. Strahan (Class IL, Commer- Taylor and Regional Vice-President Gensburger. 


| . 
. : \' I ‘ ( ark presented by 1 nk Y 
‘ Le naro prox Sx l s I 
1 : i Chapter 
4 . ; a Class IT —L. Ralph Bush, Georgia Se 
: b : thor First Prize 
7p . : Robert E. Faucett, Palmetto Seetior 
Second Prize 
Frank Yanaros, 8 Flor S 
tion, Third Pr 
| Lew ¢ ra Tar Heel S I 
Bart I I , Florida 8 ! 
N h¢ I 


Class I Mrs. Edna P. Fortier, New 
Orleans Section, First Prize 
Class IT Charles E. Strahan, Jr., Mis 


sissippi Chapter, First Prize 





George Sehroeder presented by prox 





ATTENDANCE plaque for mostest from the farthest presented to Georgia Third Prize 


Section Chairman Tom Haslam. This too was awarded during the banquet. Santina’ an 11A 
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An easily maintained, integrated fixture was needed for Welton 


roblem Becket’s dramatic “squares of light” ceiling in the lobbies and offices 
of Southland Life’s spectacular 42-story Southland Center in Dallas. 


tts @ 
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fore) Mtl 1-1): 4m NEW 100° 
SWIVEL 
HANGER- 


THQUAK 
PROOF‘ 


This is the newest and finest swivel hanger in the 
industry! With its free swing of 100°, it meets 
the highest standards in laboratory testing! 


It’s STRONG...survived a 780-lb. dead weight 
load without failure! Its all-steel construction 
is built for permanence. 


IT’S GOOD-LOOKING... hanger and canopy are 
styled in smooth, handsome lines and finished 
in baked white enamel. Standard length is 24” 
with other lengths available on order. 


Built-in leveling device (with visual scale) 
allows a full 14” adjustment after the fixtures 
are hung. 


The bracket, die 
formed and rein- 
forced, mounts on 
stud or eors of 3% 
or 4 outlet box. The 
canopy (5%" diam- 
eter and only |! 4” 
deep) attoches to the 
bracket with a twist 
action. No screws or 


slip-ring are exposed 


2. itis aT Columbia Swivel Hangers are superbly engi- 
is ‘ q neered to combine simplicity of design, ease of 
rove: fi] a 7 = installation and wide adaptability. Send for our 
. APPROVED detailed catalog sheet and specifications. 
MEMBER : | 
; " Dept. |-6 


Eye Fidelity * 4 2310 N. FANCHER WAY 
Lighting Group = SPOKANE 10, WASH. 


COLUMBIA Eaca 
LOS ANGELES 33, CALIF. 

bE 4 | to 1 +? t Cc COLUMBIA ELECTRIC CoO., INC. 
7900 SOVEREIGN ROW 

& MANUFACTURING COMPANY DALLAS 35, TEXAS 
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PRESIDENT’S Message by 
session. Sharing head table with him are officers and conference speakers, 


l. to r.. J. A. Banton, Jan Reynolds, G. Frank Dean, M. L. Harkey, Kirk Reid. 


George J. Taylor during a memorable luncheon 


Continued from pa On Thursday entertainment 


evening, 


was a Reception for President and Mrs 


Entertainment : ' ' 
laylor on the terrace, followed by a ban 
With a 


everything 


house ps 


The “family-party” 


taken 


quet and dance 


is entertalnin ridge ¢ th ing had completely over b 


verandah, morning co Schwanhausser’s 


pool, strolls down the aza it l if d on date was cel 


all this weren't enoug [ES’ers present, awards were cheere 
Committee Walter S« ihau , Ger rafters, the 


Chairman: A ul tor in ially g In 


ittendance 


dancing party was 


eral addition to MMILJ 


tertainment rlaque WoO! 
| 


program of Georgia Section), the banquet was the 


On Wedne event for one 


other presentation, a 


all sessions from both Regions to President and 


ference, dies and d es, " it Tay his was silver cuff links 
Biltmore stones, to Mr. T 
some rings, ring and bracelet of 
formal g l r mor oto los i design, to Mrs. Ta 
graphed ‘ l es, of course, e1 
That 


pi unned 


ensen 
iff lish buffs hed I f: i he ich mort 
uled for tat h 1 h pool l for | tours 
Chill} 


but red-checke 


ndoors to | har with 


the informal 
dinner, the 
the Laur 
port “Re 
by E. A 

This ill, for 
ning r the Progress 


tainment in the Great Hall of the 
hee Wednesday, April 22 
one 


with its enormous 


either « was Carolina 
mountail dren through 
inges 
and girls 
idience and 
dances, the 


go 
- 


Ray A. MeMichae ( air 
man, Suwannee River Chapter, Presiding 
Keynote Address Edwir Gil Treasurer 

State of North Carolina 
High Frequency Lighting P r & 


WwW. H Westinghouse Electri 


ghting and Color Jan Reyr 


Johnson 


Electric Products, Inc 
Doings in the South Central 


Gensburger, South Centra 
President 
1958 and Southeastern Region—J. A 
Southeastern Regional Vice-President 
President's Luncheon M,. L. Harkey, Chair 
man, Florida Section, Presiding 
President's Message G. J. Taylor 
IES 


President, 


ifternoon Seasion 
Technical Session No, 2 Wade I 

man, Coastal Empire Chapter 
Engineered Architectural Lighting 

zinger, Rambusch Decorating Co.. 
Outdoor Applications of High 
Lamps—W. P. Lowell, Jr., Syl 
Products, In 


Biltmore sti 


Intensity Fluo 
rescent 
vania Electric 

Conducted Tour 
late George Vanderbilt 

Informal Dinner 

Reaching for the Sur 
I A. Linsda 


mittee 


1958 


Entertainmer 


Friday, April 


PROGRESS REPORT and its smash- 

here, 

Committee Chairman Red Linsday and 

Mrs. Hughette Hawks of 

ville, N. C.) was an evening 
April 23, 


(shown Progress 


ing climax 


Henderson- 


session, 





Architectural Student Contest 
Launches Lighting Program 


The announcement of 20 student archi 
tect winners in the Light for Living 
Medallion Home competition has launched 
the $500,000 National Lighting program 
of the Edison Electrie Institute. Objec- 
tives of the contest were to stimulate 
the creation and development of new 
lighting ideas and to acquaint architee 
tural students with the latest develop 
ments in home lighting techniques and 
equipment. 

The four top awards went to P. Con 
nor Lee, Hamilton, N. C.; J. G. Buleken, 
New Freedom, Pa.; W. C. MeGee, Jr., 
Raleigh, N. C. and James F. Kluttz, Ra 
leigh, N. C. Working drawings and 
specifications, based on the winning 
plans, will be made available to builders 
through local electrical utilities, for the 
construction of model Light for Living 

COFFEE AND DANISH — Some of the 39 ladies who breakfasted together each Medallion homes throughout the U. 8 


morning in Asheville. 


33 Countries to Participate 
In IEC Madrid Meeting 


Representatives from 33 countries, in 
cluding about 50 from the United States, 
ure expected to attend the 1959 meeting 
of the Internationa Electrotechnical 
Commission, in Madrid, Spain, June 30 
to July 10. These delegates will partici 
p in the work of 30 IEC committees 
Other technical committees « 
zation will meet in Paris and London, 
June 22-30 

Credits A new 30-page booklet describing the 
organization what it is, what it does 
ind how it works is available free from 


the American Standards Association 


Russian to English 
By Machine Translation 


Experiments in machine translation 
PICTURES at this conference are by seem to point the w © a practieal pro 
Berlon Cooper, Electrical Construction duction of English t from Russian 


and Maintenance, shown (right) with technical literature These studies are 
‘Sarl Tr. 

President Taylor. being carried on with a high-speed elec 

tronic computer by the National Bureau 


of Standards for the Army Office of Ord 





nance Re search 
The progran 
chine to change the wor f a Russia 
Plasma’ Described as Source us 
For Electric Power 


sentence into a highlv eond d form 


/ for matching in 
deve op 
chine is then tol 
isma generators could 


rel 
After this, it pu 


words into a meaningful sentence. With 


» ten vears, 
As much as 


generated by 
the improvements and short-cuts that are 
iasma it speeds 
expe ted to be developed i the program 
sound through a mag ‘ 
ming, and by using idvaneed con 
long with the 
puters as ire 10 inde construction, 
tist said : 
the cost may be reduced to no more than 
re theoreti c 
: i human translator charge Such trans 
from pilasn 
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Just announced... 


light-stable polystyrene 


hits new high in resistance to yellowing! 


STYRON 


672 and STYRON 673 


VERELITE 


The introduction of Styron 672 Verelite and Styron 673 
Verelite heralds a significant new advance in fluorescent 
lighting fixture materials. Both are new, light-stabilized for- 
mulations developed by Dow for such applications as light 
grids, diffusers, and folding curtains. 


These new polystyrenes have been fully tested and proved. 
They exceed the specification adopted jointly by the National 
Electrical Manufacturers Association, Illumination Engi- 
neering Society and Society of Plastics Engineers. In light 
stability tests, for example, they exhibited a yellowing factor 
of 2.3 after 500 hours, well within the allowable maximum 


of 15. General purpose polystyrene formulations reach 15 


THE DOW CHEMICAL COMPANY 


after only 393 hours of exposure. Thus the non-yellowing 
characteristics of the Verelite formulations make them an 
excellent material for fluorescent applications. 


Both Styron 672 Verelite, the molding formulation, and 


Styron 673 for extrusion are now available in a wide range 


of granulations to meet varying requirements. For more 
information, return the handy coupon below for technical 


data and prices. 


The addition of these two new polystyrenes brings the 
already extensive line of Styron formulations to a total of 
15. Another milestone for industry’s fastest growing group 
of polystyrene formulations. 


MIDLAND, MICHIGAN 





America’s First Family of Thermoplastics 


STYRON* 


General Purpose 


Styron 666 
Styron 689 (Easy flow) 


High Impact 
Styron 475 
Styron 440 (Heat resistant) 
Styron 440M (Easy flow) 
Medium Impact Styron 480 (Extra-high impact) 
Styron 330 (Easy flow) 
Styron 777 
Styron 369 (High heat) 


TYRIL* ¢ POLYETHYLENE « 
SARAN 


*Trademark of The Dow Chemical Company 





Heat Resistant 


Light-stable 


ETHOCEL* e PELASPAN* « ZERLON* 


The Dow Chemical Company 
Plastics Sales Department 2115KJ6 
Midland, Michigan 


Please send me technical information and price 
schedule on Styron 672 Verelite and Styron 673 


Styron 683 “ 
Verelite. 


Styron 700 


Styron 672 (Verelite) Position 


Styron 673 (Verelite) 





PVC 


Address 
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THIS BALLAST 
HAS BEEN STEALING MONEY 
FOR 10 YEARS! 





Many users think a ballast is bad only if it burns out. But, that’s the best 
thing that can happen to ballasts that shorten lamp life — or do not get 
full light output from the lamps they operate. 








font be robbed 


of the light and lamp life you pay for 


Get the honest quality of 
Jefferson cam 


Ballasts 





Tests prove that inferior ballasts produce an average 
of less than 85°; of their lamp’s rated output— 
sending 15% of every lighting dollar down the drain. 
OR—the amount of light produced by EIGHT 
fixtures could be equaled by only SEVEN identical 
fixtures equipped with Jefferson CBM ballasts. 


What’s more, inefficient ballasts make lamps grow 
dimmer every day by “end blackening’’—abnormal 
deterioration of the lamp cathodes—due to im- 
proper pre-heating by the ballast. Poor starting 
qualities of the ballast drastically shorten the life of 
the lamp. 


Jefferson Ballasts treat the lamp right—for long 
life—maximum light output. With a Jefferson bal- 
last in your fixture you’re assured full rated out- 
put from the lamp. You’re assured maximum 
life from the lamp because Jefferson ballasts insure 
proper starting and correct pre-heating to protect 


aS 


the lamp. You can get more light from fewer fixtures 
with Jefferson CBM ballasts. 


Superior design and workmanship are your assur- 
ance that no other ballast is cooler or yuieter—no 
other ballast will outperform or outlast a Jefferson 
ballast! 


Jefferson Ballasts are available nationwide. 
Jefferson maintains fully staffed sales offices and 
warehouses in major cities—to offer you quick, 
competent service and assistance for standard jobs 
or individual specification installations. 

*Certified Ballast Manufacturers Association 


Write today for the complete Jefferson story 


Bulletin B-1000: ‘Jefferson Ballast Data 
and Prices" 

Bulletin B-1001: ‘Jefferson Fluorescent 
Ballast Comparative List” 

Bulletin B-1002: ‘Jefferson Directory for 
Fluorescent Ballast Replacements” 


Jefferson FLUORESCENT BALLASTS 


Jefferson Electric Company 
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Beliwood, liilinois 





Here and There with 1|.E.S. Members 


Winner of Twin City Section’s Allied Arts contest was 
Peter Lee, University of Minnesota architectural student, 
whose design for artificial and natural skylighting for a 
bank was demonstrated in the fully lighted seale model 
on table Mr. Lee's name will be added to the list of 
winners of this annual competition on the IES plaque 


ut the School of Architecture. 


Class Il (Commercial) winners in the 
Michigan Sections MMILJ contest 
were, | to Fr. Larr Beck (second 
from left), first prize; Hugh Norte- 
mann, second: Bun Segall, third. Con- 
test Chairman Albert Migdad is at far 
left; Section Chairman Adriaan van 


t} 


stitwal 


> 


~<a 
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Professor Georges Destriau (center) was cited by West- 
inghouse for outstanding scientific achievement in his 
pioneer work on electroluminescence. Making the award 
to Professor Destriau, during his recent visit to the United 
States, are F. M. Sloan (left), Westinghouse Vice-Presi- 
dent, and Dr. R. M. Zabel, Engineering Manager of the 


company’s Lamp Division. 


Panel members in the Montreal Sec- 
tion’s Industrial Lighting Forum were, 
l. to r.: J. E. Shepherd, Section Vice- 
Chairman; Yvan Montcalm, Section 
Chairman: M. J. McAuliffe, Canadian 
Westinghouse Co.; G. J. Taylor, IES 
President; T. C. Sargent, Sylvania 
Electric Products; J. 1. Campbell, Ca- 
nadian General Electric Co. and IES 
Director Joe Thomas, Canadian Gen- 
eral Electric. Missing from picture, 
but also on panel was B. J. Monaghan, 
Northern Electric Co. The Forum fol- 
lowed a joint luncheon meeting of the 
Section and the Electrical Club of 
Montreal. President Taylor, featured 
luncheon speaker, addressed the group 
on “Highlights of Illumination, Today 
and Tomorrow.” 
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Continued from 


lation o ay be neither legant nor com 


I e, but neverthel it should convey 
the gist of the sour e! intelligibly 
and faithfully. 

Feasibility studi 1a been car 


it by Mrs. Ida , a mathemati 


an nguist wit! 


AIEE Celebrates 
75th Anniversary 
Some 500 repre 
engineeri 
the New 
lunche¢ 
celebrate 
ounding 


Eleetriea 


sion wel 


irshall, president of Western Union, 


leseribed some of the new electrica 


opments of 


president of AIE! 


Two-Part Extension Meeting 
Sponsored by Milwaukee Section 


Members 


IES this 


GUEST SPEAKER C, L. Amick, Day- 
Brite Lighting, Inc., discussing indus- 
trial lighting at Milwaukee Section’s 


extension meeting in Appleton, Wis. 
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CHEDULED 


June 18, 1959 


June 22-23, 195 


June 22-24, 1959 


June 22-26, 1959 


Week of August 10. 1959 
Ass t ' t I iL 
August 24-26, 1959 

Bane Seatt Hot Sante W 


August 31-September 2, 1959 


\ ss tior } t 


September 7-11, 1959 


September 10-11, 1959 
September 14-16, 1959 


September 14-17, 1959 
September 25-26, 1959 


> 


’ 
FA 


September 30-October 2, 1959 
i trica Manufacturers Associatior 


ton-Brock Hot Niagara Fa Ont 


October 5-7, 1959 
tion of } tr 


Schroeder Hote 


October 5-10, 1959 
\ 


October 
ty 


October 


October 


October 


October 


~ ‘ 


October 
October 
October 


November 


November 


November 





Charter Night Festivities 
For Central Florida Chapter 


Lighting 


| 


VENTS 










MARRIED 25 YEARS 








---they go 
together! 


When Life and Death Hang in the Balance... 
They call for MAJOR-ALZAK* Reflectors! 


y in duplicate the scene above in hospitals and Be sure that you play safe. Always specify Major 
il laboratories all over the country. Because wher: Alzak processed reflectors on your lighting jobs 
lighting control is needed and whether inside or outside. They're vastly superior 
you'll find Major-Alzak reflectors. That's They do not rust, tarnish, chip or peel. They outlast 
1 exclusively by manufacturers of Sur uny other process. They give you far more brilliant 
nd Dental lighting equipment ill-around lighting results 


rietory term of the Alum 


FREE! 


SILVER ANNIVERSARY CIGARETTE MAJOR EQUIPMENT COMPANY 
LIGHTER! 4603 Fullerton Avenue . Chicago 39, Illinois 
, SPaulding 2-7600 
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Notice low brightness in critical zones provided by 
this unique new optical design 


New from Corning 


PYREX* CONCAVE 
SHALLO-LENS 
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Typical optical system comprising a con- 
cave Shallo-Lens and a Satin Alzak Re- 
flector (reflector by others). 






New shallow effect can be achieved in incandescent fixtures with 
Pyrex® Shallo-Lens and corresponding Satin Alzak Reflector in boxes 


six inches or less deep 


for modern-styled incandescent fixtures 


Nestled neatly in a mounting box six inches or 
even /ess in depth, this new Corning Shallo- 
Lens line can help you achieve with incandes- 
cent lighting the modern look in fixture design 

Coupled with a Satin Alzak Reflector, the 
Shalio-Lens gives you a new measure of uni- 
form general illumination along with high ef 
ficiency and utilization. 


Square and Round—Added diagonal intensity 
in the square Shallo-Lens fills in that area be- 
tween units not normally illuminated by sym- 
metrical distribution. The round design can be 
specified “Colouvered” for even softer illumi- 
nation and lower brightness with risers glowing 
in the color specified. 
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Heat Resistant—Use this Pyrex” heat-resist- 
ing glass indoors or out with no fear of break 
age from excessive heat or sudden thermal 
shock 

For complete data on performance and de- 
sign, write for Bulletin L-121-J. Address your 
card to Lighting Sales Department, 61 Crystal 
Street, Corning, N. Y. 
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THE BEST BUY IN SIGHT — 
FIXTURES USING EXTRU-LITE 


ROTUBA’S 
PRISMATIC 
PLASTIC LENS 
Pi» 
SYLVANIA’S 
ci hialaameeled F|XTYRES 
dies achieve new goals 





MELTS 
m/ ~ 
Sse. 
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in the ultra-modern New Era Manufactur- 


The low 8 ft. ceiling of the President’s luxurious office 


ing plant, Hawthorne, N. J., strongly suggested the use of a shallow, close-to-the-ceiling fixture. 


For luminosity as well as decor, several rows of Sylvania’s new rectangular Mohawk Fixture 
were installed. See how attractively this slim luminous beam hugs the ceiling and follows the 
design pattern of the grid ceiling system and motif of the wood wall-paneling. 


- aa . . ° . . . . . os 
Extru-Lite, the plastic shielding featured in this fixture, diffuses the light evenly and well, giving 
superior distribution with low brightness. The result is a soft, easy-on-the-eyes illumination. 
Architecturally and visually the perfect lighting solution for this room. 


Throughout the plant, SYLVANIA’S lighting corresponds to the same high standards as in the 


chief executive’s office. 


Syivania Troffer with Extru-lite score with “pin. point umination 
at Warren Bow Warren, Oh the modern, well-lit Dowling alley Available in both Polystyrene or Acrylic 


THE ROTUBA ExXxXTRUDERS, INC. 


A DIVISION OF WALJOHN PLASTICS, tm 
MAKERS OF PLASTI EXTRUSIONS FOR INDUSTRY 
437 88th STREET, BROOKLYN 9, NEW YORK *© SHORE ROAD 8-5458 


SYLVANIA’S new recessed Troffers light a bowling alley effec- 
tively. One major advantage of using this Troffer paneled with 
Rotuba’s prismatic plastic:— Extru-Lite affords the best benefits 
of high level illumination without blanketing the entire ceiling 
with ighting fixtures or luminous ceilings. The “‘pin-point iliumi- 
nation” that results is shadowless and glare-free putting no 
strain on the bowler's or spectator’s eyes. 
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Continued from page 17A 


and the Society 


look 


much activity from these Floridians. Al 


can 


ready being planned are a_ lighting 


course and Florida’s first Residences 


Lighting Forum 


Central Kansas Chapter 
Chartered, No. 86 

At the 
meeting held in 
favorabk 


for a Charter to a 


Committee 
April 

petition 
W ichita, 


new Chapter of 


Executive 
Asheville, N. ¢ 
taken on 


Council 
action was 
new group in 
Kansas. Approved as a 
IES (No. 86 


Ch ipter. 


was the Central Kansas 


Petition was through Brooks 


Chassaing, Midwestern Region’s Vice 


President, who presented the 


the Midwestern Regional 


charter at 


Conference in 


Peoria, May 6-8. First Chairman of the 
new group is Carl Green, Carl Green & 
Associates, Wichit Kans 
ASA Sets Up 
Gas Lighting Subcommitiee 

As a result of tl re-introduction. in 
some fashionable neighborhoods. of 
orative gas lighting for home exteriors 

subcommittee of the Americal 

Standards Associatio1 s being forme: 
te velop American Standard appro 
requirements for sate nd satis < 
tor erformanes gas lighting This 
ction was taken |} ASA Seetior Con 
\ittee Z21 Gas Burning Apy . es it 


GAVEL presentation at the C« 





forward to 


b) the Dead o | the D, ratidend 


On the page facing this column and 


elsewhere in this issue of IE are the 


sules messages of our advertisers, most 
of whom are close to the Society in many 
other wavs as well I commend to ou 
the reading of these sales messages, be 
cause through them we are informed 
every month, of all that is new in the 
wav of ighting equipment, its specia 
features and its usefulness as tool f 

nned lighting 

As many of our readers will reeall, ad 
vertising pages are comparatively new t 


Society ’s magazin« From our first 
issue in 190¢ nt 1949, no regular ad 
vertising s« ! ippeared in our ofheia 
pul tio sine 144 how er ! 
dvertisers’ part tior P 

' I \ Ene 
or ! tstan g lighting | 

nat I Zi I ng 

- t . sar ‘ ~T 
So t} \ 8 First } 
pres I ‘ ng nies il 
n ng ne t! y z 
I . Mi her s ! 

Ss ng Me s [ES 
I : nd pri 

| n ship r t 

rs ng ner ' tee) 

n 3 al ntereste , htir 
rogress eu nd ‘ met 
\Thes nies rtise in I} 
[ES ! ! ther 1 s 





ntral Florida Chapter’s Charter Night was by 


Martin Harkey (left), Chairman of the parent Florida Section, to Hugh Saus- 


sey, Chairman of IES’ newest group. 


"leased 
I easec 


onlookers are, left to right: 


Lowry B. Miller, Secretary; A. T. Folsom, Board of Managers: James A. Banton, 
Southeastern Regional Vice-President; Ray Schad, Vice-Chairman; J. D. Mitchell. 
IES Director; Norris Upson and Bill Matten, both of the Board of Managers. 
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date on their new readers 


products. LE 
are key members of the lighting industry 


Perhaps you haven’t seen the list of 


the important lighting business cats 


which IE 
Here is the 


gories in readers are employed 


latest one, based upon a six 


months average circulation to December 


31, 1958 

Architects 9197 
Consulting Engineers 1048 
Government Engineers 563 
Industrial Engineers 333 


Eleetrie Utility Lighting 


Departments 


Electrical Distributors 956 
hKileetri Contractors and 

Contractor Dealers 58 
Physicians, Professors, Students 8 
Lamp Manufacturers Q8 
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ARCHITECTURAL and lighting design for an elegant restaurant was the prob- 
lem in the Allied Arts competition at the University of Southern California, 


co-sponsored by the Southern California Section of IES and the local Chapter 
of the American Institute of Architects. First prize of $100 was to Eugene 
Zellmer, fifth from left. Others who participated in the award ceremonies 
were, left to right, Rey Dahlin, member of National Allied Arts Committee; 
James Heaton Il and J. Barry Moffitt. tied for third; Robert J. Little. second 
place; (Mr. Zellmer); Hal Johnston, meeting chairman; Bruce Corwin, Chair- 
man, IES-AIA Committee; A. B. Gallion, Dean, USC School of Architecture. 
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pay for and carry the brunt of evils 
created by those of questionable intelli 
gence, integrity and intentions. 

What can we do about them? I really 
do not know after 35 years I have 
learned the answers to many things but 
o let these 


not to this one, other than t 


“chiselers” know that by no measurement 
are they honorable nor are they a success 
regardless of what they may possess. 
Success is not what one gets, but what 
one becomes, and none has become very 
much who is a leech on the honorable 
and honored profession of illumination. 

This may offend some; it is intended 
to. But I am sure it will not offend my 
friends they are not of this ilk. Pav! 
E. Bowers, Buffalo, N. Y. 
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Holophane Co., Ine., has announced 


the eleetion of Clarence C. Keller as 
executive vice-president. Mr. Keller, who 
oined the company in 1929 as a test 
engineer, has served in various positions 
manager of application engineering, sales 
manager and vice-president in charge of 
sales. He has been active in IES as Re 
il V-P, General Secretary, Director 
Chairman of many committees, and 
s so a member of the Executive Com 
ttee of the National Lighting Bureau 
nd Chairman of Sales Training Com 
ittee, National Electrical Manufactur 


Association 


William H. Anderson s recently 
! 1 to the newly-created position of 
ical conductor specialist with the 
str market staff, Reynolds Metals 
( “ ! fliees in Houston Texas 
Herman kh. Gessner, former vie 
resident u harg production for tl 


Colum! Steel Equipment Co has 


ined Melrose Lighting Co., Fort Wash 
ngton, Pa. He will serve s Vice-Presi 


Myles S. Gaythwaite has been named 
tl newly-created post of direetor of 
eting fixtures, Sylvania Lighting 
Produets, a division of Sylvania Elec 
Products, In He will be responsi 

e for fluorescent fixture sales, market 
ng research, product planning, advertis 


ll make 


ing and customer service, and w 
his headquarters in Wheeling, W. Va 
Since issuming his new position Mr 
Gavthwaite has announced the promo 


tions of IES Second Vice-President 
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the sculptured look in lighting 
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Here is a new, richly formed Visionaire® which, 

like today's architecture, fuses the functional with the 
aesthetic. Gently curved illuminated metal sides and refined 
styling give these surface-mounted luminaires a modern, 
sculptured look. The low brightness illumination 

from the sides make the fixtures ‘‘blend"’ smoothly with 

the ceiling. Application versatility is greatly enhanced by a 


choice of single-element, fully framed diffusers 

including the Sunbeam-exclusive SUNLUX 
plastic lens panel. The diffuser assembly opens from either 
side on full-length, invisible hinges. Installation and 
maintenance requires a minimum use of tools. 
Units available for 2 or 4-lamp rapid start operation. 


For complete details write for bulletin =A84A. 
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ENGINEERED FOR LONG BALLAST LIFE 


SUNBEAM LIGHTING COMPANY + LOS ANGELES, CALIFORNIA + GARY, INDIANA 


j 





eyapeti ye Tu | Budo 


eae 3 4 oe | & 8 


wiih iui silaitalnijlilil Hida ishulihittbili lh 


“4 





paren MOS 


SOLA CONSTANT WATTAGE BALLAST 
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Sola Catalog No. 77-10-202 
constant-wattage transformer 
for two H1, H25 or H33-1 
400-watt mercury lamps 
outdoor, weatherproof service 
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Sola Electric Co., 4633 W. 16th St., Chicago 50, Ill., 
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Sola outdoor mercury-lamp transformer is 
smallest, lightest two-lamp, constant-wattage unit 


Reduced in weight from 70 to 48 pounds and in 
diameter from 8% to 65% inches, transformer 
Catalog No. 77-10-202 saves time, money and effort 
in shipping, handling, and installation. Improved 
operating characteristics result from a newly 
designed constant-wattage circuit combined with 
the use of Class-B insulation. Delivering ample 
open-circuit voltage for straight series operation 
of two 400-watt mercury lamps, model 
Catalog No. 77046. 


the new 


replaces series-sequence unit, 


Performance improvements include a lower crest 
factor (peak/rms ratio) of lamp current. Reduction 


to a value of only 1.6 contributes to extended lamp 


life as well as high lumen maintenance over the 
lamps’ useful life. Less than +1% variation in 
rated lumen output 
fluctuations as great as +13% 
new circuit’s improved lamp-wattage regulation. 
The new has an efficiency of 


90%, 


even with line voltage 


results from the 


two-lamp unit 
with a transformer loss of only 80 watts. 
The housing is a single-piece, deep-drawn case 
. hot-dip galvanized and completely sealed 
Special neoprene-covered leads are brought out 
through a neoprene plug in the threaded nipple 
The new Sola mercury-lamp transformer is abso 


lutely weatherproof and watertight. 


Full engineering details and performance data are available in new 
bulletin MVO-359. Write for your copy to the Manager, Lighting Sales. 


1959 
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Bishop 2-1414 © Offices in principal cities © In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ont 
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wemesrow Du iet-Light 


IS DIFFERENT... BETTER... MORE ECONOMICAL 


reverses the proced- 
ure and eliminates 
this step 


QUIET-LIGHT recessed 
troffers are suspended by 
slide grip hangers, wall 
angles are mounted, and 


oe Ss ' 
_ The lighting is suspended on ; j = spacer bars inserted 


Acoustical panels are 
suspended on the frame- 
work created by the 
QUIET-LIGHT troffers, 
spacer bars and wall 
angles, 


acoustics at decidedly-lower cost. Write 


QUIET LIGHT provides evenly diffused 
wall-to-wall quality lighting with efficient 


fo) mor.) ¢-110)-m-1a1¢ -) 0) -len ba ler- 0 dela me-Jal-1-1@ (elel-) 


SOLD ONLY THROUGH QUALIFIED ELECTRICAL DISTRIBUTORS 


METALCRAFT PRODUCTS CO., INC., 6225 State Road, PI 
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CLASS II “Oscars,” proudly displayed by L. G. Leighton 
(left) and D. W. Prideaux, were awarded by the Academy 
of Motion Picture Arts and Sciences to these General 
Electric engineers for the development of a new 10,000- 
watt studio lamp. The new lamp, said to overcome the 
“blistering bulb” problems of the past, is reputed to 
give 16 per cent more average light over a 50 per cent 
longer useful life. Improvements were due to changes 
in lamp construction to accommodate a woven tungsten 
wire screen “coilector grid” which controls heat and gas 
currents within the bulb. 


Continued from page 22A In addition to heading the new division, ment of a Product Planning and Devel 


Richard G. Slauer from fixture sales Mr. Schwarz will serve as director of opment Department, with Julius Fried- 
manager to manager of marketing serv merchandising and sales promotion for man as manager Mr. Friedman will 
ices, and David E. Poor, from supe the firm have complete responsibility for all oper 
visor of factory distribution to managet ations of the Department. In another 


of customer relations. In another move, John Jeffrey Hanna, former refiner announcement, the appointment of Jack 


Harold Barnum was appointed manager thanager of Imperial Oil, Ltd., Calgary, Fife as member of Block Brothers, D« 
of utility sales for the Division, with re Alta., was elected President of the Eng troit representatives for Progress, was 
made known Mr Fife will cover the 


sponsibility for the development of light neering Institute of Canada for 
ing products sales, advertising and mer 1960. Mr. Hanna was installed as Presi territory of western Michigan and north 
dent during the 73rd Annual Meeting of ern Indiana, from headquarters in Grand 


Roval Rapids, Mich 


10 


chandising programs directed toward the 
8-10, 1959 


utilities. Mr. Barnum, who will have his ut ! ite, June 7, 
office at the Division headquarters in or) tel, ' mto, Ont 
eland, Ohio, 


Salem, Mass., will continue to be respo1 oo : ‘ ; 
v4 Latte tha , a ween has 1ounced the election of Kim Moe 


rit Since 


sible for sales channels he handle: 

sales supervisor for mercury lamps 
P. Pleasants to Mr 

Union Metal Manufacturing Co., Can My 

ton, Ohio, has announced the election of 

L. F. Heckmann as vice-president in 

charge of sales. Mr. Heckmann, who has 

been with the company since 1937, is 

Secretary of the TES Roadway Lighting ; , ' 1 Carl L. Powell 

Committee and active in the Nationa mt ’ —_ me stitute Ni \ 

Electrical Manufacturers Asso : 

prese ntly a member of their 


Committee of the Street ind H 


g Bureau 


Lighting Co 
L. I., ha l 
Charles Kiel, Jr. as vic: preside 


services. Prior to this ¢ 


s announced the 


John J. K. Shannahan 


issistant vice-presi 


ud been manager of th 
Services Department. meg McDonald, Pr 
YY . ; o de ald, 
vray Lighting, Inec., Bound Brool commercia = See‘ 
J.. has announced the form: ) ) Michigan Elect 
a new consumer division, to be eaded sidiar Ar namean 4 


by Charles S, Schwarz, former vi s Nile W. Stiffler. f. Johanne - 
Greensboro ( “ 


th H. A. Webster, 1 


president and general manager for 


C. Mayers Co., distributors of merchan *rogress Mar 


dise for resale and prize-premium 
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Photos Courtesy of the Power Authority of the State of New York 


A Great ‘Team Job” of Functional Lighting 


...WITH 
FIXTURES BY 


LITECONTR 


iC 


Challenging project, rewarding solution, beauti- 
fully functional. These six words sum up what may 
well be one of the most inspired lighting jobs of the 
year the Control Room of the Robert Moses 
Power Dam, St. Lawrence Power Project. The en- 
gineers and the electrical contractor working with 
Litecontrol fixtures responded to the challenge and 
the result is self-evident 

One notes immediately the two ceiling levels which 
result from the tilted position of the board lighting 
trofters. These have asymmetric lenses which illuminate 
the boards and their meters even/y from top to bottom. 


Air conditioning outlets are designed into the row of 
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INSTALLATION: 
Robert Moses Power Plant Control Room, 
St. Lawrence Power Project, 
Massena, New York 


ENGINEERS 
Uhl, Hall & Rich, Boston, Massachusetts 
(an affiliate of Chas. T. Main, Inc.) 


GENERAL CONTRACTORS 
B. Perini & Sons, Inc., 
Sponsors of joint enterprise 
Walsh Construction Company 
Morrison, Knudsen Inc. 
Peter Kiewit Sons Company 
Utah Construction Company 


ELECTRICAL CONTRACTOR 
Electrical Constructors, Columbus, Ohio 


DISTRIBUTOR: 
General Electric Supply Company, Buffalo, N. Y. 


ROOM FINISHES 
Upper Walls — White, tinted Aqua Green 
Lower Walls — Seaspray Green Ceramic Tile 
Floor Coralette Rubber Tile 
Control Boards — Pale Yellow 


CEILING HEIGHTS: 
11°’— 3" and 11'— 9” 


LIGHTING SYSTEM 
Litecontrol Lens Ceiling, using Holophane #6024 
acrylic CONTROLENS", with F40T12/WW/RS warm 
white rapid start lamps on dimmer controls, 24° on 
centers. Board lighting 2 lamp troffers, using 
Holophane #9010 asymmetric CONTROLENS”® and 
F40T12/ WW) RS lamps. 


INTENSITIES: 
Average, 30” from floor, lamps on full, 152.8 
footcandiles. Lamps on 2 dim, 94.3 footcandles. 
Average vertical reading on face of boards, 
75 footcandles; at edge of bench board, 
55 footcandles. (All in service) 


BRIGHTNESS: 
Across axis of lens ceiling 
15° from horizontal, 150 footlamberts 
30° from horizontal, 175 footiamberts 
45° from horizontal, 200 footlamberts 
90° from horizontal, 225 footlamberts 








At supplementary troffers, across axis 
15° from horizontal, 339 footiamberts 
30° from horizontal, 389 footlamberts 
45° from horizontal, 425 footlamberts 
90° from horizontal, 476 footiamberts 


Figures rtesy Uh!, Holl & Rich 


"Reg. Holophane Company, In 


trofters these outlets and troffers are all supported 


bythe lens ceiling structare LITECONTROE 


Our lens ceiling with 880 Holophane acrylic lenses 


} 2 > } ] ce . 
(about two feet s juare each}, provides high intensity CAMMMIACE 


overall while keeping brightness exceptionally low 


KEEP UPKEEP DOWN 
See table.) It also eliminates reflected glare from the LITECONTROL CORPORATION, 


36 F ssant Street, Watertown 72, Massachusetts 


meter faces. Dimmers permit any intensity from the 
full 152.8, down to 2 footcandles DESIGNERS. ENGINEERS AND MANUFACT 
iw ; FLUORESCENT SMT G Q PMENT 

This is a big lighting job, but our major interest at THROUG DITED WH 
Litecontrol is not how big but how well. Can we help 


you on your next installation ? 
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GRADUATION night for 67 of the students in the Florida Jack Mason. At far left is Jack Boyle who presided over 
Section’s Advanced Lighting Course. Shown here receiv- the evening’s ceremonies. Photo at right shows some of 
ing his diploma from M. T. Anthony (left), Vice-Presi- the students (from 11 cities) attending one of the classes. 
dent in charge of sales, Tampa Electric Co., is graduate Average attendance for the seven meetings was 71. 


ALAMO SECTION BLUENOSE CHAPTER 


issociate Member Associate Member 
ime New York, as treasurer Simons. M. G.. 526 tec Bidge.. San Antonio Lee, Douglas, Triangle Conduit & Cable 


> We Hooper, National Association Texas ada) Ltd., Armdale. N. 8 


etrieal Distributors as secretary ARIZONA SECTION BRITISH COLUMBIA SECTION 
trica Week is celebrated Associate Membere 4ssociate Member 
pees Robert Arisona Public . Ireland. L. D Garey Co. of Canada Ltd 
Meleaskh Avis Vancouver 13, B. ¢ 
ersary week of Thomas A Freridge Ww } 


nd week of February, the 


Phoenix, Ariz CAPITAL SECTION 


Schwartz Dan z0 abin Member 
rf » as 
Edward G. Bohler a Phoenix, Ariz Cooksey, H. L., t S. Maritime Commission 
er wit! headquar Electrical Engineering Divisior Washing 
Atkinson. Wis.. and Donald Ank-La-Tex CHAPTER ton, D. 
is northeastern division sales —_ H k Westing! CENTRAL FLORIDA CHAPTER 
stinghouse 
been mnmnounced by the Shreveport, La Associate Members 
sagley G W Jr 516 FE Central Ave 
= ARROWHEAD CHAPTER Orlando, Fla ; 
Ky. Jerome T. ’ Green, John, Florida Power Corp., Winter 
, Members Perk. Fle 
Olson, ( WwW Jr.. Olson Elex ic & Hardware 
Co., Daytona Beach, Fla 


n of Thomas Indus 


CENTRAL ILLINOIS CHAPTER 
ciate Member 
_ = Best Electric Co 
Deaths 
Garland R. Barlogi, Pug: 


CENTRAL NEW ORK 
Member 
Brown, D. R 


James Burt, Geors ectio N.Y 
Associate Member 
. Greene, R. H 
Annual Meeting x 

Student Member 
In aecordance with Article Male, John, Cor 


VIII Seetion 1 of the Constitu 


tion of the Illuminating Engi Members 
Booton 
Chi 








MEMBERS 


neering Society, the Annual i 


Meeting will be held in conjune Danisch 





re Chicago 

tion with the National Technical McDonald 

Conference in San Francisco Chicago, Il 

. Associate Member 

The Meeting will be held at iia & BD Be Settee 
10:10 aa in the Opening Ses 
sion of the Conference, Monday, CHINOOK CHAPTER 
September 7th, 1959, at which Member 

. Willis, fF } 

time the National Officers will Calgary, Alta 

issociate Member 

Brown, FE k 

Society gary Alta 


report to the membership of the 
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LINE MATERIAL FLUORESCENTS provide the light- 
ing needed to attract customers to this shopping 
center, and to illuminate the parking area in front 


MOTEL OWNERS recognize the value of controlled 
lighting that lights up the approaches and driveways 
without disturbing glare. This owner selected L-M 
Ovalite luminaires, which utilize 21,000-lumen mercury 
vapor lamps to provide high-level illumination. 


” 
5 
ae SUPER bw és 


INCANDESCENT-BURNING SUBURBANAIRE LUMINAIRES 
mounted on brackets from the building light the store 
front and parking area of this National Food Store. The 
warm light of the incandescents provides natural color 
for food items in the windows. 


enn fe hemen 





of it. The installation consists of deep four-lamp 
units, which provide ample light for display and 
security. 


L-M FLOODLIGHT FLUORESCENTS provide excellent light 
for night operations on this loading dock, since the low 
brightness of the units will not blind the workers. Each 
unit contains two 6-foot fluorescent lamps with a total 
output per luminaire of 11,400 lumens. 


SOME TYPICAL L-M LUMINAIRES 


FLUORESCENT 


te) == 


cep 4-1 
onp samp Floodlight 2-lamp 


ie 


“Shallow 4-lamp 
OVALITE 
Mercury Vapor 


SUBURBANAIRE 

For neighborhood streets 
or farm yoards—incan- 
descent or mercury vapor 


Pr 


Allilii SPHEROLITE a 


; wy Iincondescent or 
Mercury Vapor 


€) LINE MATERIAL 


McGRAW-EDISON COMPANY 


L-M High Intensity 
Airport Runway Light 
with controllable beom. 





SPECIALLY DESIGNED LUMINAIRES in Rhondda 
Valley Shopping Center, Sunnyvale, Calif. This in- 
stallation and the special units were designed under 
the direction of L-M Lighting Engineer Bruce Kunde, in 











cooperation with the designer, Robert M. Sherman, 
and Cupertino Electric Company, the electrical contrac- 
tor. The two units on each standard are L-M floodlight 
fluorescents, holding two 6-foot lamps. 


Streets, Shopping Centers, Airports... 
You Name It... L-M Will Light It! 


Line Material, a pioneer and leader in outdoor lighting, provides 
incandescent, mercury vapor, fluorescent luminaires and related 
equipment for a wide variety of applications. Standard and 
special designs are available. L-M Lighting Application Engi- 
neers cooperate with utilities, municipalities, engineers, architects 
and contractors to help provide the most suitable, efficient, and 
economical equipment for each particular application. 

The specially designed lighting unit in the Sunnyvale, Calif., 
shopping center shown above is an example of an unusual problem 
solved by one of L-M's Lighting Engineers, with the cooperation 
of L-M’s engineering and manufacturing departments. The delta 
unit, shown at right, is also designed especially for area lighting. 

Other fluorescent units include the V-type, which gives excellent 
street lighting; the 2-lamp floodlight, used for wall mounting on 
airport runways, loading docks, store fronts, etc. A wide variety 
of mercury vapor and incandescent units are used for highway 
intersection, toll road, access, neighborhood, and rural lighting. 


Bring Us Your Lighting Problem 


Whatever your outdoor lighting job may be, talk to the L-M 
Field Engineer or Lighting Engineer. You'll get suggestions, in- 
formation, bulletins, and, if you wish, a complete lighting applica- 
tion engineering job. Or, if you prefer, write Lighting Division, 
Line Material Industries, Milwaukee 1, Wisconsin. In Canada: 
Canadian Line Materials, Ltd., Toronto 13, Ontario. 


Industries Outdoor Lighting 


DISTRIBUTION TRANSFORMERS * KYLE RECLOSERS AND OIL SWITCHES * FUSE CUTOUTS AND FUSE LINKS « LIGHTNING ARRESTERS 





L-M's DELTA TYPE, especially suitable for area lighting, such 
as parking lots, shopping centers, etc. The unit consists of three 
2-lamp floodlight fluorescent luminaires — with six 6-foot fluo- 
rescent lamps providing a total output of 34,200 or 55,800 lu- 
mens, depending on lamps used. Design of the reflectors as- 
sures high utilization of light output with a minimum of glare. 





* POWER SWITCHING EQUIPMENT 


PACKAGED SUBSTATIONS * CAPACITORS * REGULATORS * OUTDOOR LIGHTING * LINE CONSTRUCTION MATERIALS * PORCELAIN INSULATORS © FIBRE PIPE AND CONDUIT 











ror=) UE Eater — 
inclusive 


. & prime equipment supplier of all of 
the components, standard or special, which 
comprise total luminous ceilings — 

— inclusive of all lighting material, 
diffusing and shielding media, and sus- 


pension systems, 


new products to provide for 
complete modular flexibility. 


new diffusing and shielding materials 
to satisfy any aesthetic or functional 
requirement 


mew methods for simple, inexpensive 
integration of acoustical treatment, 
air conditioning and partitioning. 


new systems of lighting and suspension 
designed to produce realistic, total 
installed costs to meet any budgetary 
requirement 


mew concepts to provide maximum 
flexibility in design for new 
construction or modernization. 


mew approach in planning and 
engineering service 


For complete information on these and other 
NEW developments write for your NEW 32 
page A.C.!. catalog by the most progressive 
lighting company dealing exclusively in Iu- 
minous ceilings, 


-Tgeialh<-toadeig-lmei-liilalel-Mlalos 


1 EAST 4 1 STREET. NEW YORK 16.N. ¥ 








FASRAGEY SUBSTATIONS * CAPALIIURS * REGULATURS * OUTDOOR LIGHTING * LINE CONSTRUCTION MATERIALS * PORCELAIN INSULATORS * FIDRE PIPE AND CONDUIT 





















































(1) LB.S. LIGHTING HANDBOOK 

Third Bdition $10 
NEWEST of famous LE.S. Lighting Handbooks. 
Published March 1959. Over 1100 pages latest infor- 
mation on lighting techniques, applications and theory 
.. « plus equipment data. Includes all new lighting 
levels developed from Blackwell research studies. All- 
new index and cross-index. Application sections re- 
arranged for subject headings; 25 sections in all, many 
new. Complete revision of previous two editions; more 
comprehensive, easier to use than ever. 
Special registered single copy price to I.E.S. 
members, $7.50; unless previously ordered 
Quantity prices on request. Write for brochure. 
Specially designed for use of lighting engineers and 
specialists; lighting consultants, architects, designers . . « 
anyone who plans, installs, or manufactures lighting 
systems or equipment. 


1.E.S. RECOMMENDED LIGHTING PRACTICES 


These booklets are the complete, standard reeom- 
mendations for lighting the prescribed areas, and 
are among the most comprehensive and important of 
all Society publications. As indicated, some of these 
recommendations are the work of committees of the 
American Standards Association, with collaboration 
by appropriate committees of the I.E.S. All have 
the approval of the Council of the Illuminating 
Engineering Society, and are the latest official I.E.S. 
recommendations. 
In general, the information contained in these 
Recommended Lighting Practices covers completely 
the area shown in the title. Included in the data 
are suggested types of lighting systems and lumi- 
naires; levels for general lighting and for specific 
areas; analyses of seeing tasks; and other informa- 
tion essential to lighting the area and of value to 
lighting engineers and specialists, architects, con- 
struction people and others. Each practice is fully 
illustrated with charts and photographs. 
RP-1 OFFICE LIGHTING 

1.3.8. Recommended Practice 32 pp. 50c 
RP-4 LIBRARY LIGHTING 


LE.S. Recommended Practice 16 pp. 50c 
RP-5 DAYLIGHTING 

LE.S. Recommended Practice 40 pp. 50c 
RP-7 INDUSTRIAL LIGHTING 

American Standard Practice 40 pp. 50c 
RP-8 STREET AND HIGHWAY LIGHTING 

American Standard Practice 32 pp. 50c 
RP-9 SUPPLEMENTARY LIGHTING 

1.3.8. Recommended Practice 16 pp. 50c 
RP-10 PROTECTIVE LIGHTING 

American Standard Practice 20 pp. 50c 
RP-11 RESIDENCE LIGHTING 

LE.S. Recommended Practice 44 pp. $1.00 
RP-2 Stores &@ Other Merchandising ireas RP-3 School 
Lighting) and RP-4 (Sports Lighting) are out of print. When 


revised publications are available they will again appear on this 
fist 


1.E.S. COMMITTEE REPORTS 


Lighting recommendations based upon studies (re- 
search, surveys of current practice, and experimental 
installations) of I.E.S. Committees and Subcommit- 
tees covering all phases of lighting. Completely illus- 
trated, these reports contain detailed information on 
many lighting problems peculiar to the industry or 
operation involved as well as providing general data 
as to lighting systems and luminaires; recommended 
quantity and quality of illumination; and analyses of 
specific seeing tasks. 


CP-1 LIGHTING FOR WOOLEN AND WORSTED 
TEXTILE MILLS 12 pp. 500 


CP-2 LIGHTING FOR MACHINING OF SMALL 
METAL PARTS 16 pp. 


PUBLICATIONS 


of the 


ILLUMINATING 
ENGINEERING 
SOCIETY 





1860 Broadway, New York 23, N.Y. 


The Publications of the Illuminating Engineering 
Society listed here summarize the vast amount of 
research, investigation and discussion of hundreds 
of qualified members of the Society working on 
technical committees. Each publication listed here 
is approved and published with the full authority 
of the Illuminating Engineering Society. 


I.E.8. Publications are available, in single copies 
or in bulk, to anyone requiring knowledge of the 
newest in lighting application and the supporting 
technical information. Should quantities be desired 
for distribution, such as for educational or promo- 
tional purposes, prices may be obtained by writing 
Publications Office. 


Each publication is numbered for easy ordering 
by using the coupon on this page. Correspondence 
concerning publications should be addressed to: 
Publications Office, Illuminating Engineering Soci- 
ety, 1860 Broadway, New York 23, N. Y. 





CP-3 LIGHTING FOR FLOUR MILLS 6& pp. 
CP-4 LIGHTING FOR CANNERIES 36 pp. 
CP-5 LIGHTING FOR BAKERIES 16 pp. 


CP-6 LIGHTING OF CENTRAL STATION 
PROPERTIES, CONTROL AND LOAD 
DISPATCH ROOMS 20 pp. paimnaniginenntoeneee 


CP-7 LIGHTING FOR CENTRAL STATION 
HIGH BAY AREAS 12 pp... . " 

CP-8 LIGHTING OUTDOOR LOCATIONS OF 
CENTRAL STATION PROPERTIES 16 pp. 


CP-9 LIGHTING INDOOR LOCATIONS OF 
CENTRAL STATION PROPERTIES 20 pp. 


CP-10 LIGHTING FOR STEEL MILLS 
PART I: OPEN HEARTH 8& pp- 

CP-11 LIGHTING FOR FOUNDRIES 16 pp. 

CP-13 LIGHTING TRAFFIC 
AND UNDERPASSES 16 pp- 

CP-14 CONTEMPORARY LIGHTING IN MODERN 
AND TRADITIONAL INTERIORS 64 pp._$1.00 
Combines recommended residence lighting tech- 
niques with good decoration, written in layman’s 
language and completely illustrated. Shows all 
types of lighting equipment, both installed and 
portable, recommended color combinations, from 
Colonial to Modern interiors. 

CP-i5 FUNCTIONAL VISUAL ACTIVITIES IN 
THE HOME i12 pp. 250 
Provides much of the technical material support 
ing the combination of good decoration with 
lighting in CP-14 above. Extremely useful to 
lighting equipment designers, engineers, and be 
eause of the numerous sketches and measurements, 
non-technical people as well. 
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PUBLICATIONS 
ILLU MINATIN( 


OFFICE 
+ ENGINEERING SOCIETY 


1860 Broadway, New York 23, N. Y. 


Send me at the 
quantities as note: 


1 
; 


RP.1 
RP-4 
RP-5 
RP.7 
RP-8 
RP.9 
RP.10 
RP 
CP-1 
CP-2 


OP.3 


[) My check (m.o.) enclosed. 


Date 

» address below copies of I.E.S. Publications in 
i: 

‘P-7 LD-1 

1P-8 LD-2 

P-9 LD-3 

CP-10 LM-1 

CP-11 LM-2 

CP-13 LM -3 

CP-14 LM 

CP-15 LM- 

CP-16 LM 

CP.17 LM 

CP-18 LM-8 

CP.19 LM-9 

CP.20 LM-10 

XXIV 1.M-11 

XXIII LM-12 

XXII LM-13 


© Bill me. 


Your prepayment of orders totalling $2.00 or less will greatly 
facilitate handling and help us in our bookkeeping. Thank you. 


(Please print or type 


Name 


Street 
City 


If 1.E.8. Member 


Your Section/Chapter 


CP-16 
CP-17 
CcPr-18 
CP-19 
CP-20 


OP.12 
publicat 


Zone 


CURRENT LIGHTING PRACTICE FOR 
TELEVISION PRODUCTION 6& pp. 


PROGRESS IN TELEVISION STUDIO 
LIGHTING Addenda to CP-16 4 pp. 


CURRENT LIGHTING PRACTICE FOR 
COLOR TELEVISION PRODUCTION 4 pp. 


LIGHTING FOR COMMERCIAL 
KITCHENS 6& pp. 


LIGHTING FOR HOTELS 42 pp. 


Traneportetion Lighting) is out of print When revised 


n is available it will again appear on thia list 


1.E.S. LIGHTING DATA SHEETS 


Each IL.E.S. 


actual, 


Lighting Data Sheet deseribes an 
outstanding lighting installation, complete 


with photographs, drawings and engineering data. 
They are published in a series of 24 sheets each 
year, and current sheets cover such subjects as 
lighting for metalworking, textile, automobile and 
other industries; schools; stores: offices: drafting 


rooms; 
residen 
streets 
tions. 


churches; auditoriums; banks; museums: 
ces; indoor and outdoor recreational areas: 
and highways; and other special applica- 


Printed on heavy gloss paper, punched for standa- 
ard ring binder, data sheets are an excellent “idea” 
file for lighting people, consulting engineers and 
architects; ideal for promotional distribution by 
manufacturers and light and power companies. 


1.E.S. Lighting Data Sheets are delivered through- 
out each year in groups of eight; three mailings for 
the entire 24-sheet series. First eight of each series 
are mailed for delivery in June; second eight in 
October; final eight in February of following year. 
Subscription, 24 sheets per set, $1.25; 10 or more 
sets, $1.00 each. Prices on minimum quantities of 
100 individual sheets upon request to this office. 


XXIV Series, 24 sheets $1.25 
The current 1959 Series; orders now being 
accepted for delivery as outlined above. 


Series, 24 sheets $1.25 
Series, 24 sheets $1.25 


15 HOME LIGHTING IDEAS, 15 sheets $1.00 
Attractively packaged, 15 home lighting data 
sheets, gathered and prepared especially for this 
publication. 


HOME LIGHTING IDEAS FOR KITCHENS 

AND BATHROOMS, 10 sheets 50c 
Special packet of ten new home lighting data 
sheets, showing modern lighting for new and re 
modelled kitchen and bathroom areas; an impor 
tant addition to any home lighting idea library. 


DECORATIVE HOME LIGHTING IDEAS, 
14 sheets $1.00 
Packet of 14 home lighting data sheets each fea 
turing an outstanding idea for decorating with 
light; do-it-yourself instructions for fireplace, 
wall niche, shelves, drapery wall, ete. 

Sheets in LD-1, LD-2 and LD-3 not included in 
annual Series. 


LIGHT MEASUREMENT & TESTING 


LM-1 GUIDE FOR ELECTRICAL MEASURE- 
MENTS OF FLUORESCENT LAMPS, 
American Standard 4 pp. 


LM-2 1.3.8. GUIDE FOR ELECTRICAL 
MEASUREMENTS OF MERCURY VAPOR 
LAMPS 4 pp. 


LE.S. GUIDE FOR LIFE PERFORMANCE 
TESTING OF FLUORESCENT LAMPS 2 pp. 


GUIDE FOR PHOTOMETRIC TESTING OF 
FPLOODLIGHTS OF 10 TO 160 DEGREES 
TOTAL BEAM SPREAD 16 pp. 


GUIDE FOR OUTDOOR ILLUMINATION 
TESTS 8 pp.- 


GENERAL GUIDE TO PHOTOMETRY 
24 pp. 60c 


CALCULATING COEFFICIENTS OF 
UTILIZATION 36 pp. 500 


WORK SHEETS FOR LM-7 8 pp. 


1.3.8. GUIDE FOR PHOTOMETRIC 
MEASUREMENTS OF FLUORESCENT 
LAMPS 8& pp. soeoens 


2.8. GUIDE FOR PHOTOMETRIC 
TESTING OF OUTDOOR FLUORESCENT 
LUMINAIRES, 8 pp. 


I.B.8. GUIDE FOR PHOTOMETRIC 
TESTING OF SEARCHLIGHTS, & pp. 


1.3.8. GUIDE FOR MEASURING 
AND REPORTING DAYLIGHT 
ILLUMINATION, 4 pp. 


REPORTING PHOTOMETRIC PERFORM- 
ANCE OF INCANDESCENT FILAMENT 
LIGHTING UNITS USED IN THEATER 
AND TELEVISION PRODUCTION, I.E.8. 


Recommended Practice 8 pp. 


per set 50 


(Printed in U.S.A.) 














FLUSH TO CEILING 


BUILT-IN LOOK 


ALL GLASS 


ALL LIGHT 
e 


ALUMINUM STEEL GLASS SAFETY 
INSULATED PROTECTOR RING 


REFLECTOR DOUBLE CHAIN HINGE 








by PERFECLITE 


PORCELAIN SOCKETS 





No metal shows, nothing projects on the Klondike*, 


AS ae, SS 


Perfeclite’s latest incandescent ceiling unit. Mounted 





absolutely flush, it allows maximum utilization of the On 


opal globe for the highest light efficiency available . . . No. Wattage 





gives that built-in look without costly recessing. 
2-60W 


The globe opens on a double chain hinge for quick, easy 


cleaning and relamping . . . is secured in place again with 











a simple twist of the wrist by a unique patented locking 





device. Interior construction is of 20-gauge steel. The 


reflector is faced aluminum. The multiple porcelain 








sockets are equipped with #18 A F leads for direct 
connection to Types R, TW or any 60° C rated wire. 


Here at last is a totally new concept in fixture design . . . 
a totally new way to provide better lighting for cither 
commercial or residential interiors. For further informa- 


tion, mail the attached coupon today! 


Units are Underwriters’ Laboratories, Inc., approved. 


*Patented / | 


THE PERFECLITE COMPANY 


1457 East 40th Street + Cleveland 3, Ohio 
Please send me the Perfeclite Data Sheet 59-C. 
NAME 


THE PERFECLITE company | *20F°S 


1457 East 40th Street . Cleveland 3, Ohio pach 
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THE “CLASSIC” WITH METAL LOUVERS 


Go modern with 


Svlvania’s 


vee CLASSIC sr 


... @ Triumph of Fixture Design! 


‘The finest suspension mounted fixture in years’’—this 
will be your reaction when you've seen Sylvania’s exciting 
new fixture series, the CLASSIC. Here is a fixture in a 


class all its own one that will take a prominent place 





To develop a completely fresh and different approach 
to lighting fixture design, Sylvania retained the 
services of the renowned industrial designing firm, 
Peter Muller-Munk Associates 

The result of months of concentrated effort by 
this firm and Sylvania's own design engineers is 
presented here for the first time—the CLASSIC Series 

We sincerely believe that the CLASSIC is the very 
finest fluorescent fixture produced in a long number 


of years 

















ting with plastic k 


in your lighting plans. 

The CLASSIC is real/y new . . . designed by experts to 
give commercial interiors a fresh, distinctive appearance 
together with outstanding illumination. 

You'll like the sleek, trim lines and slim shallowness of 
this fixture the flared, softly-diffusing side panels. . 
the harmonious matching of plastic and metal . . . and 
the choice of three excellent shieldings. 

You'll like its lighting characteristics, too. The ex- 
tremely high efficiency, balanced distribution, low bright- 
ness contrasts and excellent diffusion of the CLASSIC 
makes it ideal for every commercial application 

To fully appreciate the CLASSIC, you must see it for 
yourself. Photographs and sketches cannot show the true 
beauty of this new series. Send today for full information 
At the same time ask to have the CLASSIC demon- 
strated in your own office. Once you've seen it, you'll 
agree that this Sylvania fixture is truly a triumph of 


fixture design 


SYLVANIA LIGHTING PRODUCTS 
A Division of SyLVANIA ELectric Propucts INc. 
Department 59-4 
One 48th Street, Wheeling, West Virginia 


emverneey  SYLVANIA 


FLUORESCENT LIGHTING FIXTURES AND SYSTEMS 


SSA 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 


BEST FIXTURE VALUE IN EVERY PRICE RANGE 
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Outstanding 
APPLETON INTENSO 
FLOODLIGHTS 


Sights like a rifle to assure easy 
positioning ... even in daytime _ 
Calibrated 360° horizontal and 100° 
vertical adjustment for hair-line 


y to service .. . release 3 flip 
and back of lamp swings 
in position for 


1 


ul 


tH 


1959 


When Tulane goes 


ight Conscions 


the choice is... 


IPPLETON 


«es \ Pa PF &. / J 
—-INTENSO 


al 
j Trade Mark ' % 
Jeji, ‘ \ \ \' \ \ cai 


>.FLOODLIGHTS 


One of 6 towers of 60 banked 
INTENSO Floodlights at the Sugar Bow! 


M@ Unlighted for 30 years, the choice of lighting experts, 
maintenance and financial men at Tulane for illuminating the 
Sugar Bowl was APPLETON INTENSO Floodlights! 
Because only APPLETON-engineered INTENSO provides 
the accurately planned high intensity illumination, ease of 
servicing, cleaning, re-lamping, and positioning that gives 
maximum trouble-free, year-round lighting. Write 

for full information on the complete line of 

APPLETON Alzak Aluminum Floodlights! 


Sold Throu ’ Fran hi éd Distributors O rf 


— 


dd SO), 2 emg il emeie) ia7.\, bf 
1701 Wellington ¢ Chicago 13, Ill 


Also Manufacturers of: 


Explosion Proof i _ 


—— 
x x . 
\ Lo1 industrial x 
Fixtures , Lighting >= 
(= 2 * ae 
6 Malleable !ron “Eagle Claw” 


Unilet Fittings Switch Boses 
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made-to-order by 


The friendly, relaxed atmosphere typical of modern living is created in this 
suburban supermarket with indirect lighting by Day-Brite. 134 eight-foot Power-Groove 


lamps deliver 70 to 100 footcandles of general illumination over an area of 16,000 square feet. 


Your Day-Brite representative will be happy to recommend a lighting system 
adapted to your store’s requirements, designed for 
maximum sales appeal and eye comfort, and tailored to your budget. Consult 
him without obligation. You'll find his name in the Yellow Pages. 
Lighting, Ine.., 
8 N. Broadway. St. Louis 15. Mo. 


30 Marti fve.. Santa Clara. Calif. 


Rapps Svoermoarket Division of ACF-Wrigley Stores, Inc | | 
St. Lovis County, Mo . 
ee — & ~ 


Architects: Russell, Muligardt, Schworz, Van Hoefen 


Mechanical Engineers: Ferris & Hamig 


Electrical Contractors: John Ledbetter Electric Co 


NATION'S LARGEST MANUFACTURER OF COMMERCIAL AND INDUSTRIAL LIGHTING EQUIPMENT 
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ASSURES YOU BETTER BALLAST VALUE 


Unannounced visitor picks random samples 


from production line of each Certified Ballast 


Manufacturer for monthly ETL test...so you can be 


sure CBM symbol always means “up to specification’ 





HIS gives you extra assurance of CBM quality. 
At least once each month, an ETL inspector 
“just happens” to visit the plant of every Certified 
Ballast Manufacturer ...and picks random samples 
right from the production line. Each sample ts 
clearly marked and dated to prevent substitution; 
all must be shipped to Electrical Testing Labora- 
tories for test against the CBM specification. Should 
any fail to meet it, the right to use the CBM emblem 

is withdrawn until the condition is corrected. 
Behind this positive assurance of continuing CBM 
quality is the CBM specification, that provides depend- 
able performance, better ballast value, including: 

High power factor + Long ballast life 

High light output + Low cost of illumination 
Long lamp life 
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And of course, Certified CBM Ballasts are UL listed. 
For one very practical slant on why Certified CBM 


means better ballast value and better performance 
“Why High 


Power Factor Ballasts cut your lighting costs”. 


from fluorescent fixtures, write for 


CERTIFIED 
BALLAST 
MANUFACTURERS 


2112 KEITH BUILDING 
CLEVELAND 15, OHIO 


CBM 
CERTIFIED 


Participation in CBM is open to any manufacturer who wishes to qualify 


$1A 
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NEW TYPE TURRETS! 


® All plastic, with stainless steel 
springs. No rust or corrosion problems. 


® Tapered to eliminate unlighted 
creas in continuous row installations. 


® Lompholders have metal clad 
backs 


1ON THE JOHN C. VIRDEN COMPANY 
Cleveland 3, Ohio 


Me ber American Home Lighting Institute 











TURRET TYPE INDUSTRIAL FIXTURE 


Pic 
bce 
4 


MAINTENANCE FEATURES! 
® Captive latch device permits re- 


flector to be installed or removed 
without tools. 


@ Reflectors ribbed for extra strength 
and rigidity. Choice of porcelain or 
high-baked white enamel. 


@ On continuous row installation, 
special snap-in aligner straps keep 
runs true, prevent light leaks. No 
tools needed. 


@ K. O. pattern provides for single 
or double “S" hooks or messenger 
cable installations. 


®@ Units can be fused to meet your 
requirements. 


Designed to save you time and labor 
on the job, to keep you fully competi- 
tive when you bid. Fully efficient, it 
meets the highest established stand- 
ards in lighting specifications. See your 
Virden distributor or write for Form 
144 to Virden Lighting, Dept. IE, 
5209 Euclid Avenue, Cleveland 3, Ohio. 


—. 
a 
| — 
| Yellow Peoge: " 
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Smooth, comfortable illumination creates inviting 
appearance in store. Power-Lux 
over 200 footcandles using 12 Power Groove lamps. 


Over 200 


New LPI Power-Lux luminaire for stores 
has been engineered for comfortable 
brightness using Power Groove lamps 


Power Groove lamps are ideal for lighting stores when 
used with the new Power-Lux luminaire just introduced 
by Lighting Products Inc. One economical LPI Power- 
Lux with Power Groove lamps does the job of three 
conventional fixtures with slimline lamps. This lowers 
the cost of lighting installations as well as the cost per 
delivered lumen. 

The very high light output of Power Groove lamps 
is controlled by LPI’s exclusive parabolic louvres to pro- 
vide high footcandle levels with comfortable brightness. 


installation provides 


Large-area Power-Lux luminaire 
combines high photometric efficiency 
with attractive, modern appearance. 


Parabolic louvres distribute 60,000 
lumen output for high-intensity, 
low - brightness illumination. 


footcandies with Power Groove lamps 


Power-Lux luminaires are available in a two-lamp 
model, 12 inches wide; and a four-lamp model, 36 inches 
wide. Both are offered in four- and eight-foot lengths 
They are ideal for new stores as well as for raising 
lighting levels of existing commercial buildings. For 
re-lighting applications, Power-Lux luminaires can 
simply replace present fixtures to provide dramatic 
increases in illumination, Get complete data on this new 
luminaire — write today for LPI’s Power-Lux Bulletin. 


Lighting Products Inc. Highland Park, Illinois 


I )= FLUORESCENT 


LIGHTING 














Revere Outdoor Lighting Report 


Lighting a truck loading dock 


The Problem: To light the entrance 
of a trucking depot loading dock. Light level 
must be high enough for safety and for precise 
parking of large trucks. 


The Answer: Revere Fluoresign Out- 

door Luminaires were installed over the door- 

ways insuring safety, security and providing 

ideal visibility. This made nighttime parking 

as safe, fast and easy as daylight parking. 

The depot's eight entrances and its entrance- 

way were lighted at the level of 12 to 15 

footcandles with the all-weather fluorescent 

luminaires. Adjusting Fluoresign for best light No. 8650 Series 
spread can be done with lamps in and burning. _Fluoresign Outdoor Luminaire 





The Problem: To make night tennis 
play possible by providing the high level of 
uniform light required for good visibility in 
this high-speed game. 


The Answer: Revere 4200 series flood- 

lights mounted on Revere hinged poles were 

installed to provide the high level of light 

desired. Poles down the center of the courts 

have four floodlights, directed in pairs toward 

adjacent courts. Poles around perimeter of 

the court area have two floodlights each. 

Mounting height for all floodlights is 30 ft. No. 4200 Series Floodlight 
Installation gives average maintained illumi 

nation of 13 footcandles. 





Lighting a shopping center parking lot 


The Problem: To illuminate a large 
parking lot for safety in driving and parking, 
ease in locating parked cars, and to make the 


shopping center look more inviting. be 2282 Endovel 


The Answer: Revere Endoval Mer- Mercury Luminaire 


cury Luminaires were used to illuminate 
driving lanes, and Revere No. 3350 Series 
Floodlights were installed to provide high 
level illumination of 1.1 average maintained 
footcandles for the parking areas. The equip- 
ment is mounted on Revere hinged poles, 
using Revere brackets and arms. The hinged \ 
poles permit easier, safer, and more economi- 
cal maintenance and relamping from the 
ground. Pole spacing is 150 ft No. 3350 Series Floodlight 


5 


Write for Revere’s complete catalog of outdoor lighting equipment 


OUTDOOR LIGHTING 


Revere Electric Mfg. Co. ©¢ 7420 Lehigh Avenue e¢ Chicago 48, Illinois (In suburban Niles) 


Long Distance Phone: Niles 7-6060 e Chicago Phone: SPring 4-1200 ¢ Telegrams: WUX Niles 
In Canada: Curtis Lighting, Ltd., Leaside, Toronto, Ontario 
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e @ WITH THE EXCLUSIVE 
TELESCOPIC DOOR FRAME 


... that automatically expands or contracts to assure 
perfect fit even in irregular ceiling openings 

The shielding medium is framed in the ceiling by a 
single width of metal, offering maximum illumination 
area and a clean, precise finished ceiling appearance, 
with no visible bolts, hinges, catches, etc. All of 
Smithcraft’s complete series of one-foot and two-foot 
wide Speedomatic troffers are extremely easy to 
specify from Smithcraft’s complete Ceiling Index. 
Installation of Speedomatic troffers is fast and 
efficient — the only tool needed is a screwdriver 
Troffer installs in seconds from below by fast 


4 ° ° 
travelling levelling screws. Doors open and close 


cye fi 


Aweriza's fat Haoracot lghtiny Smithenaft. Lighting CHELSEA 50, MASS. 


easily, without mechanical catches, for 


easy maintenance. 


For complete information on today’s 
fastest-installing troffers, write for 
Smithcraft's Speedomatic folder. Also 
contains complete Smithcraft Ceiling Index 
and shielding information . 


ae 
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SPEEDOMATIC \ 
TROFFERS 


' 


efficiency, causes eye strain, makes 
many work tasks hazardous and safety for workers. 


Dull, dreary lighting cuts down worker improved lighting pays off in higher 
output and greater accuracy, comfort NG 


Lifting the lighting level 


In the picture on the right, those Abolite fixtures provide a high 
level of comfortable, glareless light throughout this high bay 
building. 18% of the light is directed upward through Abolite’s 
open top, washes out the deep shadows, gives lamps a soft back- 
ground. 35° shielding of lamp practically eliminates glare. 
Open-top design also gives Abolite high bay units a self- 
Abolite Cat. No. HMFAU-2400 cleaning action. Air circulates through the fixture, sweeps reflect- 
Alzak aluminum uplight 


fixtures with 400 watt white 
reflector Mercury lamps 


ing surface clean. 

Choose from several Abolite uplight units for high bay light- 
ing: 18” and 24” Alzak aluminum fixtures for 400 and 1000 watt 
mercury lamps; and 14” and 18” fixtures for 300-500 watt 
incandescent lamps (ideal for gymnasium lighting). For full 
information, write Abolite Lighting Division, The Jones Metal 
Products Company, West Lafayette, Ohio. 


ABOLITE 
5 aaa, A 


THE JONES METAL PRODUCTS COMPANY 
West Lafayette, Oh/o 
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LEADING FIXTURE 








@ Library Office . 
Lighting by Curtis 


@ Gary Bank 
Lighting by Sweeney Electric Co. 
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Because the exclusive process of American Plastic Louvers provides 
the finest shielding media for all types of lighting equipment 


Luminous American Plastic Louvers offer the maximum in conformability 
Ceilings 
for any lighting plan, whether it be commercial, institutional, or 


industrial. They give soft—glare free, efficient inexpensive visual 


eile comfort. Maintenance free—self-aligning for individual fixtures, 


modular patterns or full ceiling installations. 


Be sure to specify American Plastic Louvers on your next 


Surface 
Fixtures 


lighting job for the ultimate in lighting. 


OUR ENGINEERS in your area are available to help you with your lighting problems 


— . for additional information, write for detailed bulletin 
ixtures 


@ American Louvers are avail- 
able in white, and your choice 


of pret atten. an louver comp 








HOLOPHANE maintains lighting leadership with 
these New Quality-Engineered Developments 





HOLOFLUX* Series 6400 
Prismalume* 
Controlens* Shallow 
fixture, 2-ft. wide, 4-ft 
lengths; recessed; single 
or continuous runs 






REALITE* with 
Prismaiume Controlens 
enclosure; surface 
attached fluorescent. 


Through 62 years Holophane engineers have 
concentrated on research and development of new 
and better illumination control methods for all 
light sources... Combining this long experience with 


No. 6024-6025: 2-ft 
square Prismaiume 

(acrylic plastic) 
Controlens for troffers 
or panels 




















No. 641-643: Hibay* 
reflectors; protective 
drip shield; 400 W. and 
1000 W. Mercury Vapor 


No. 04252-53: Outdoor 
substation units with 
prismatic lens-top 


~ 
—_— - 


—-——— 


Holo hane 


HOLOPHANE COMPANY, INC. 


Lighting Authorities Since 1898 
342 Madison Ave., New York 17, N. Y. 


time-tested principles of prismatic light control, 
Holophane has introduced many trend-setting 
luminaires — the newest of which are shown here. 
These are representative of the wide variety of 
highly effective, economical lighting units Holophane 
designs for every field — industrial, commercial, 
institutional ... Before you proceed with any 
lighting project, get Holophane engineering data 
and recommendations; available on request 


No. 440: Outdoor heavy duty 
luminaire; 400 W. Mercury 
Vapor or 500 W. Incandescent 











THE HOLOPHANE CO., LTD., 418 KIPLING AVE. SO., TORONTO 18, ONT 
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NEW upward revisions in RLM Specifications 
make it more important than ever to 


Specify RLM QUALITY 


industrial lighting fixtures 










be sure to get the [RLM 
high fixture quality required to 
UlpoLi@GizAhy to the new higher [). [=.S. 





O Why is the \t Label 
today more important than ever in 


industrial operations? 


Because the 

stands for the highest 
certified quality standards for construction and performance in 
industrial lighting equipment. The recently published much 
higher Hluminating Engineering Society's Recommended 
Industrial Lighting Levels make quality equipment 
MORE IMPORTANT THAN EVER. The latest in illumination 
principles such as are assured by the RLM Label are vitally 
important to comfortable seeing at the new higher levels. 


( What is the } 
a modern Up-Lighting Plan? P| GET YOUR FREE COPY NOW! 


A Send for the f e eet Me 
a RLM STANDARDS 


INSTITUTE, INC. I 
featuring these quality advances! 





A 
‘ 






326 W. Madison >1., Suite 8236, l 

Chicago 6, Iilinois 

THIS COUPON IS FOR 

MEN WHO WANT 

ALL THE FACTS 

Please send the FREE 1959 

RLM Specifications Book and 
a copy of the new 1.E.S. 

Recommended Industrial 

Lighting Levels 


1. All RLM incandescent units 
Now “ALL WHITE!” Effective July 1, 1959! 


2. New Uplight Incandescent units Specs! 


3. Many upward revisions in Fluorescent Specs! 


Loc ee eee 





Name Title 
Company 

Address 

City Zone State 


STANDARDS INSTITUTE 


JUNE 1959 } 
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GLOBE 


is first 
with a 
aliaycdiays 


Wy 


PSS 
TAA 


SARA “ 


miracle 


i 


plele) = Mi 
TROFFERS °° 


makes all other hinging methods 


Patent Pending 


Send for Miracle Door Troffer brochure—No. GLP 587 


G LOBE Lighting Products, Inc 


1 Hingeable plastic lens doors, with no metal frame of any kind 


2 No exposed lockup mechanism 
3 No exposed hinges 


4 Hinges from either side 


5 Globe engineers create ‘‘Hi-V"’ for efficiency with 


Company 


a new reflec tor corn ept 


6 Designed for today’s complex ceiling construction 


Address 


third of a century of lighting leadership 


Globe Lighting Products Inc over a 
40th St.. N. Y. 16 


Ave B’kiyn 37, N. Y. Showroom 16 €E 
Products, Ltd., Montreal 9 


Factory 171 Flushing 
in Canada, Verd-A-Ray Electric 
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Stithe- LOW BRIGHTNESS Louvers ANSWERED THIS LIGHTING PROBLEM 


Illuminating Engineer Carl Schranz of the Newma 
Schranz Lighting Company, in conjunction with 
Architect Richard L. Crowther, solved the lighting 
problem in The Fontius Shoe Store in Denver, in which 
Sinko Gray-Cell Louvers played an important part. 





PROBLEM—To install a drop luminous ceiling with a 
balcony wall on two sides, and the high ceiling with 
several conventional fixtures, a 300 foot candle 


level on the merchandise was desired 


SOLUTION—96” T 17 power groove, cool white lamg 
in fixtures suspended 30 inches above a lumin 
ceiling of Sinko’s Lo-Brite, Gray-Cell, Plastic Louver 
supported in an aluminum inverted tee, grid systen 
RESULT—This unusual treatment was the answer t 
obtaining the three A's of store lighting .. . attracting 

the customer... easy appraisal of merchandise 


ann r a try) nha 
.-.and a relaxing atmosphere. 


You, too, can achieve clean-cut, modern appearance, 
with minimum maintenance with indestructability 

by specifying Sinko Thin-Cell Louvers for your 

jobs. These Louvers reduce surface brightness SINKO MANUFACTURING AND TOOL CO. 

and increase working !evel erriciency. 7310 W. WILSON AVE., CHICAGO 31, ILL. 











General Electric announces the 
most efficient and economical 
40-watt fluorescent you can buy 


F40CW 3 COOL WHITE 


GENERAL ELECTRIC 9 
PREHEAT-RAPID START USA. 


THE 


=> PREMIUM 3 


3100 lumens 


(Same preferred cool white as before) 





Gives customers 17% more light from present fixtures! 


G-E PREMIUM 3 Lamps give your customers the lowest at virtually no added cost. Available in limited quantity 
over-all cost of light of any 40-wart lamp. Three new innova in May, list price $1.45 

tions provide added light worth more than the cost of On Rapid Start circuits G-E Premium 3 Lamps have a 
the lamps themselves more efhcient phosphors, 2) newly 7.500 hour rated life; 5,000 hours on Pre-heat circuits. Write 
lesigned electrode mount new current-carrying gas for the whole story on this new dimension in fluorescent 
mixture lighting. General Electric Co., Large Lamp Dept. C-926, 


Nela Park, Cleveland 12, Ohio 
G-E PREMIUM 3 Lan ps, the latest exami le of General 


Electric's lamp development, give your Customers more for Progress /s Our Most Important Product 


all their lighting dollars. G-E Premium 3 Lamps operate y 
on Rapid Start or Pre-heat (starter-type) circuits—and will GENERAL 46) ELECTRIC 
| ww ls 


be widely use tO Make existing systems leliver more light 


A ILLUMINATING ENGINEERING 








Continued from page 30A 
-E PREMIUM 3 » geal, 
i ber 


ssociate Memi 
Davis Westinghouse Electric Corp 


now joins these other Cleveland, Ohi 
outstanding ‘‘firsts” in _ ,..,.. _ lighting 


> 





fluorescent lighting a re 
. . . all introduced by x ran Canc Rec satel aa 


General Electric! (2.0. cert ov mortwor iets 


COASTAL EMPrre CHAI I 





1938—FIRST FLUORESCENT. [his was the year VON! cuT s 


General Electric announced the first practical 





\ I R ( : t ( 
fluorescent—a revolutionary new and ethcient ; , 
lighting tool 

Cor Sy 
is e Me 
Nels Dm J ae 1 ‘ 2 ¢ 
( N ska. Omahs. Nebr 
ASTER ' York s . 





1939—FIRST 40-WATT. Predecessor to today's We 





















highly efhcient 40-watt fluorescents—opening Brewster, M. | Albany Designing \ 
the way for the new G-E Premium 3 Lamy bar N.Y 
MON CHAPTER 
Ve } S 
Connautor J M Johnson I! s 
ar Ltd Edmontor Alta 
Tucker, D,. A Western | t ‘ 
1946—FIRST SLIMLINE. This single pin lamp, tors, Ltd., Edmonton, Alta 
the first practical 8’ tube, provided more | 4##eciate Members 
eeanan ST ae ' | Ma D I Canadiar Line Mater 
attractive lighting systems, quicker lamp Ed ‘ Alta 
changing, instant Starting Tr r } R Canad . W ng ‘ 
Ltd., Ed nton, Alta ( 
- “T 
sere @ ewe FLORIDA SECT x “ 
=e e //\* 
— is Mem na! 
G oO. H.. Ba Elect Sara \n | 
Hazelt Raybre s J }) 
1952—FIRST RAPID START. This G-E develop rampa, | 
’ McPike. J {.. Mac's t S < ) 
ment brought faster, flickerless starting without ~ ’ 
t ‘ : 
Slartey and cut maintenance costs, too 
FOREIGN Sy I 
Ve 
0 I \ ( " va I 
, ) ta. ¢ 
ST Cl N ¥) C8 EI mcPhilben's new 7.60 line designed by £ 
1954—FIRST HIGH OUTPUT. Delivered halt ies e Me Allan Rothman provides the most efficient 
again as much light as slimlines, more light MeCa Bm. ¢ ‘ n ‘ ra , ‘ lighting of fitting rooms, mirrors, stair land 
ings, telephone bookstands wherever loca 
Gi IA Sect N ized illumination is desirable 
i Me 
‘ l \ 
‘ ‘ Available in both fluorescent and incandes 
Moss, | I nion Met Mf ( ) t cent models offering these exclusive features 
Ga continuously hinged doors for easy relamping 
R ‘ ] : | ator r 
1956—FIRST POWER GROOVE. This re\ , : ail metal construction... baked on grey 
. IS olu \tlanta. Ga 
tionary, grooved lamp gave 2 times the light Thon H ! \ eis ‘ ‘ enamel finish removable reflectors for 
ot slimlines; saved 5-20% on initial investment Char ee, Ga easy access to electrical components 
te i i oie aa a Westl Ww. H., ¢ ( 
37-60 Two 60 watt lamps 
. BE VATS SEVEUE 37-65 Two 15 watt T-8 fluorescent lamps 
i te Mem 
Shiy M.C., A on Light & ¢ 
San Frar Calif Contact your mcPhilben representative for full 
. details. See our insert in Sweet's file a or 
1959—NEW POWER GROOVE. The most power Heal F AMERICA Si : . — 
} j | write for data sheet C/27 
ful fluorescent you can buy. Double row of Members 
grooves helps increase light output 12%, to Krall, J Sylvania Elect 
15 ' 8 1 ' Kansas City, Kans 
) 7 s for 8-foor lenerh 
( ime eng : aie a eS Elect 2 P il 
cei pan hilben 
Progress /s Our Most Important Product lad K. R.. 8709 W. 62 Ter M rm Cc 


Rat LIGHTING COMPANY 


GENERAL &@ ELECTRIC a . ca | GRE ee 
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Associate Members 

Barry, R. M., Robert C. Grady — Engineering, 
Teaneck, N. J 

Frederick. C. F.. Smitheraft Lighting, Irving 
ton, N. J 

Gotthelf, Harold, Garfunke Jersey City, 
N. J 


New Mexico CHAI 


Member 

Zerwer, A. L 
querque, N. M 
Asrociate Member 

Dillon, J. B., Publi 
buquerque, N. M 


NEW ORLEANS SECT 
Member 
Osterberger, ( d 75 Florida St., Baton 
Rouge, La 
dssociate Members 
Hennig, R. I Grego 
New Orleans, La 
Perry, Earl, Jr., Inter 
Orleans, La 
Simpsor Hubert 
New Orleans, I 


New Y 


Member 

MeConnaughy, D. H . d Kauffeld, New 
York, N. ¥ 

Savitt, Morris, Slocum & Fuller, New York, 
N. ¥ 

Associate Members 

Berger, N. J. J Leber & Katz, Ir New 
York, N. ¥ 

MARITIME CHAPTER Hutchinson, G. T.. Marbarry Corp., New York 

N.Y 

Lieb. Ruth. 319 E. 50th St.. New York. N. Y 


Member 
M Robinson Electrica 


COMMERCIAL LIGHTING Nortu Texas SECTION 
FOR YOUR EVERY NEED MARYLAND S&CTION Member 


WVember Largent, W. E Herman Blum, Consulting 
Milton, Jr 704 Raspe Engineer, Dallas, Texas 
Associate Members 
Dauterive, J. D., Westinghouse Electric Corp., 


SECTION Dallas, Texas 
. , Ervin, R. N.. Crouse-Hinds Co., Dallas, Texas 
Designers and fabricators of ; Lewis, W. G Texas Electric Service Co 


highest quality standard and . “4 7 Wichita Falls, Texas 
Posey B dD Graybar Electric Co Dallas 


custom lighting equipment Texas 
for commercial and insti ol CHAPTE! Science. WH. de. Dremes Baductetes Tae. 
tutional applications an ‘ Dallas, Texas 
Specialists in department 
stores, office buildings. 
schools, public buildings, 


NORTHWESTERN OHIO SECTION 


(ssociate Members 
} JI._G Gulf Oil Corp Toledo. Ohio 
industrial laboratories, hos . , tn Haze oo A Co Toledo, 
pitals, and institutions eae , ila iam a Ohio 
design depart kee Mover. F. K.. Gross Electric Co., Toledo, Ohio 
Selby, Wanda (¢ The Toledo Edison C« To 
ledo. Ohio 


Complete 
ment and photometric 
laboratory 
Write for brochure im ; » VALLEY SECTION 

KENT LIGHTING CORP. ~c ig eer Member 


500 John-on Ave aamatinie, ite am Marsha I 
Brooklyn 37, N. ¥ : - nati, Ohio 


OTTAWA SECTION 

Member 
Park, H. A., Canadian Governn 
ment Transport, Ottawa, Ont 


OZARK CHAPTER 

dissociate Members 
Comstock, Fr 

field, M 
Cox, J 

Mo 
Holmes, | 

field, M« 
Sechler, E 

field, Mo 


PALMETTO SECTION 
Member 
*Gough, A. B., General 
sonville, N. ¢ 
dissociate Members 
Hallows, Ruth G Genera 
dersonville, N. ¢ 
Siokos, G Z Noland Ce 


s. « 


ILLUMINATING ENGINEERING 





PHILADELPHIA SECTION 
Associate Member 
Pirolli, J. A.. Merck Sharp & Dohme, Division 
of Merck & Co., West Point, Pa 


PITTSBURGH SECTION 
Associate Members 
Packard, R. D., James A. Hodges Co., Pitts 
burgh, Pa 
Pritz, H. A., Patterson Emerson & Comstock 
Pittsburgh, Pa 
Schneider, I. D., 801 Eastern Ave., Pittsburgh, 


Pa 


Pucet SOUND SEcTION 
Member 
*Matlock, F A.. Puget Sound Power & 
Co., Bremerton, Wash 
Associate Membera 
Leonidas, T. A., Thomas fF Sparling 
sulting Engineer, Seattle, Wash 
Rearden, D. P., Glacier State Electric 
Co., Great Falls, Mont 


QUEBEC CHAPTER 
Member 
627 Napoleon St Quebe« 





ROCKY MOUNTAIN SECTION 
dissociate Member 


Treusch, C. A., Duro-Test Corp., Denver, Col 


Str. Lovurs SEcTION 
Associate Members 
Epp, R. L Day-Brite Lighting 
Louis, Mo 
Niethe 


ONLY TWO PIECES TO INSTALL 


*Gray Rk. O 
Diego, Calif 


Ratner Ele« 


om § = nd both Light-Weight 


Calif 
dssociate Members 
Christenson, Harold, Co 
Diego, Calif 


Crane, E. H ul ‘ 1} WITH GARCY “ULTRA-LUX"' 
Vista, Calif Curved diffuser in 12” or 24” widths 


Davies, T. L Graybar 
Diego. Calif 


Gowtand, George, Ratner Electric, San Diego OR 60TH ANNIVERSARY , Lz | 








Calif 


Howard, ( La Mesa Electric Co Rectangular diffuser in 12” or 24” widths L 
Calif - 


Johns, I R Ratner Electrix 


‘ a It's a snap to install these Garcy fixtures. Only two basic 
Murphy ac Jack irphy ro 


Calif j parts to install, that’s all. No on-the-job assembly work. 
ee a ee End plates, diffuser panels and hinge fittings are all pre- 
Associate Members assembled for you before shipment. 


Henderson Ww Ww Jochen & Henderson 


Houston, Texas And Garcy fixtures are easy to handle. Even a lightweight 


Kuna, L. M., 535 Three Corners Drive. Hous 


Pile ors like the gal above could handle these compact fixtures all 
Parkerson, Emmet, Jr.. The Emmet Parkerson ; ; 

a eee aes . day without tiring. 
Zoeliner, J. E., Zoellner Lighting Co., Hous Find out for yourself how much on-the-job time you can 
save with Garcy fixtures. 


ton, Texas 
OSE CHAPTER 


Barnes iene lectric ipply . 
io Dene. Ge Send for Bulletins 


Demmesty, B..2, 68 Tiled Oh, Lae tine 581-L and 582-L. 


Jensen, Dal g Internationa 


Monahan 
Cupertino 


Van Prag, Alex, IIT, Whiteway Mig. © reP V-toh amici bal ic: 


Laughlin 


division of Garden City Plating & Mfg. Co 
2475 Elston Ave., Chicago 47, Illinois 


CHICAGO * NEW YORK * LOS ANGELES * TORONTO 


ford, Cait 
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high output 
low brightness 





minimum trim 


1 highly efficient lens downlite, 
Century's No. 2230 is engineered to fulfill 


the needs of architects, engineers, 


contractors and building superinte ndents. 


Engineers appreciate fhis nstrument 
vhich combines the Fresnel lens 
with the optics of the Alzak reflector 
giving a soft edge spread or light 
Surface brightness is minimal, 
outside the normal vieu ing angle. 
irchitect nelude the No. 2220 in thei plans 
because of its clean lines —no visible hardware. 
This regressed lens unit is adaptable 
to plaster, tile or metal pan ce ilings. 
Contracto tind the key hole slotted reflector 
makes for rapid nstallation. 
Building superintendents relamp from the floo? 
M no pole with suction cup and pear picke . 
The unit uses 


For performance and dimensional information, 


vorite for Century's data sheet. 


CENTURY LIGHTING, INC. 
1 West 43rd St., New York 36 
1820-40 Berkeley St Santa Monica, Calif. 


1477 N. EB. 129th St., N. Miami, Florida 















a100 Watt general service lamp. 


MARKS OF 
QUALITY IN 


Beidy 


Church Lighting 


@ Rigid Construction 
® Finest Materials 
@ UL Approved Wiring 



















Ask for contemporary 
or traditional catalog 






Request Name 
of Representative 






in Your Area 
















NEW MODEL C-3 
OY ad AO s+ % DIRECT READING 


BRIGHTNESS METER 


For illuminating engineers © architects 
photographers « TV cameramen 
© specialized uses 


Portable meter gives direct 
reading of 3° spot while 
allowing view of surrounding 
scene. Reads 0.5 to 50,000 foot 
lamberts with multipliers, focuses 






4 feet to infinity without adjust 
ment. F: 1.9 lens, automatic on-off 
switch, trigger switch to hold 
reading, self-contained 400-hour 
batteries. No reflection or 
polarization errors 


Write for more information 


PHOTO RESEARCH CORP. 


837 NORTH CAHUENGA BLVD., HOLLYWOOD 38, CALIFORNIA 
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Continued from page 55A) 
SOUTHEAST FLORIDA SECTION 
Associate Members 
Abraben, E., Rader & 
Hargrove, Shirley 
Hialeah, Fla 
Student Members 


Associates 


Arone, R \ University of Miami 
Gables, Fla 

Burnett, J. C University of Miami 
Gables, Fla 

Jensen, D. L University of Miami 
Gables, Fla 

Kalatsky, Mark, University of Miami 
Gables, Fla 

Mitchell, E. S., University of Miami 
Gables, Fla 

Perrot, J D., University of Miami 
Gables, Fla 

Porter, G. D., Peabody & Cx Miami 

Schaffel, M. M University of Miami 


Gables, Fla 


SOUTHERN CALIFORNIA SECTION 


Member 


*Press, Donald, Flood-Lite Service r 
Angeles, Calif 

Associate Members 

Allen, R. W., State of California, Los 
Calif 

Low, 8. 8., Los Angeles Department of 
& Power, Los Angeles, Calif 

Pauly. J. I Jay-El Products, Ir G 
Calif 

Persson A H Aerojet-General Corp 
Calif 

Wilcox, J. F Wileox Research Co., N 


wood, Calif 


Tar Heer 
Associate Member 
Blac WwW. H Carolina Power 
Rockingham, N. ¢ 


SECTION 


TORONTO SECTION 


Member 

Grossman, David, Principal Investment 
Toronto, Ont 

4 ssociate Members 

Ogden, Lee, J. A. Wilson Lighting & 
Ltd., Toronto, Ont 

Sanger, Fred, J. A. Wilson Lighting & I 
Ltd., Toronto, Ont 


White, Willian 


Jack A. Frost, Toronto 


Miami, Fla 
Florida Power & Light Co 


Coral 
Coral 
Coral 
Coral 
4 Coral 


Coral 


Fla 


Coral 


Angeles 


Water 


ardena 


lisplay 


(nt 


a, Ir 


Twin Crry SErcrion 
Member 
Morrow, G. L., Bruch, Morrow & Knafl 
Minneapolis, Minn 
Associate Members 
Rice, J. ¢ Maguey, Setter, Leach, I 
& Erichson, Ince Minneapolis, Minn 
Schacker, J. ¢ Price Electr Ir St 
Minr 
Twin Ports CHAPTES 
Associate Member 
Johnson, K. A.. Minnesota Power & Lig 
Duluth, Minr 
Utan SECTION 
issociate Member 
Stidger, W. G General Elect ( Salt 
Cit Utal 
VIRGINIA SECTION 
Member: 
Bibb, J. S.. Graybar Electr Co ' 
mond, Va 
WESTERN NEW YorK Section 
Membe 
Walters, R. J., Ferguson Electric Constru 
Co., li Buffalo, N. ¥ 
issociate Members 
Adam ik I \ Niagara M 
Cory Dunkirk, N. Y 
Heitzhaus J H Niagara Mol 
Cory Buffak N. ¥ 
Kiers L. I Niagara Mohawk | 
Buffalo, N. Y 
Madonia | 


Madonia, B. P Jr 
Cheektowaga N y 

Mikulski, J. J.. Niagara Mohawk Px 
Buffalo, N. ¥ 
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MAINTENANCE 


THIS IS 7 












































... With _Servsafe— 


BRACKET UNITS! 


Servicing wall or pole-mounted luminaires at ground level 
is the most practical method because it is the safest, fastest 
and most economical. With “Servisafe’” Bracket Units, one 
man can relamp and clean luminaires within minutes in any 
kind of weather. There are no climbing or electrical dangers. 
And no costly auxiliary equipment is required. 

“Servisafe’’ Bracket Units can be used for new installations 
or quick conversion of existing facilities. Supplied as complete 
packages ready for wiring and erecting, they can be mounted 
on walls, wood poles and other structures to provide year- 
round lighting efficiency with minimum main- 

tenance cost. 


$487-TE 


| 


THE THOMPSON ELECTRIC CO. 


P. O. BOX 873-K, CLEVELAND 22, OHIO 


FOR DETAILS AND SPECIFICATIONS, 
WRITE FOR BROCHURE PWB-59. 











(Continued from page 57A) 


/ WINNIPEG CHAPTER 


Members: 

Campbell, J. L., Saskatchewan Power Corp., 
Regina, Sask 

Montbriand, B., Saskatchewan Power Corp., 
Regina, Sask 

Thurman, W. E., Thurman Supply Co., Regina, 
Sask 

Young, M. R., Sun Electric Ltd., Regina, Sask. 

Associate Member 

Higginson, J. B., Lorne H. Ritenburg, Con- 
sulting Electrical Engineer, Regina, Sask. 


YANKEE CHAPTER 

Members 

Collins, W. A Collins Electric Co. Ine 
Springfield, Mass 

Twohig, D. H Collins Electric Co., Ine., ‘ 
Springfield, Mass 

Associate Members 

Bodman, W Ww M Ww Zimmerman Co., 
Springfield, Mass 

LePrevost, H. N Henry's Electric Service, 
Lee Mass 


Yosemite CHAPTER 


Associate Members 
Decker, M. E., Industrial Service Co., Fresno, 


Calif 
LaMothe, C. W., Industrial Service Co., Fres- 
no, Calif 





EMPLOYMENT 
OPPORTUNITIES 








LIGHTING SALESMAN 


Thoroughly experienced in sale of lighting 
equipment, commercial, industrial and ceilings; 
to specifiers, industrials, contractors and dis 
tributors. Philadelphia market area. Mainly 
concerned with earnings, products and policies 
State significant features of company, funda- 
mental information such as employment basis 
Reply Box 390, Publications Office, Iluminat- 
ing Engineering Society, 1860 Broadway, New 
York 23, N 


REPRESENTATIVES WANTED 


To handle an accepted product sold to fixture 
manufacturers. Large sales volume in estab 
lished accounts. Must know lighting fixture 
manufacturers and engineers. Give experience, 
territory covered, and present lines. All replies 
confidential. Address Box 391, Publications 
Office, Illuminating Engineering Society, 1860 
Broadway, New York 23, N. Y 


ENGINEERS 
LIGHTING APPLICATION 


A leading producer of fluorescent lighting fix 
tures offers an excellent opportunity of employ- 
ment for lighting application engineers. Some 
experience and engineering degree required. 
Please address replies to Box 392, Publications 
Office, Illuminating Engineering Society, 1860 
Broadway, New York 23, N. ¥ 


LIGHTING REPRESENTATIVES 
WANTED 


Generous guarantee available for the right man 
to represent one of the largest, most diversified 
fixture companies in country. Following terri 
tories are open: Florida, Carolinas, (Arkansas, 
Tennessee, Mississippi) and Virginia. Only 
most qualified specification level representa- 
tives will be considered, Replies held in com 
plete confidence Address Box 393, Publica- 
tions Office, Illuminating Engineering Society, 


; 
CHAM PION 1860 Broadway, New York 23, N 


J LIGHTING SPECIALIST WANTED 

<a mM frs : Independent distributor of electrical supplies 
and lighting fixtures seeking capable Lighting 
Specialist. Have good lines of residential, com- 


Incandescent Fluorescent mercial and industrial fixtures. If you are en 
thusiastic about future in lighting and willing 
























Your best buy an lamps to work hard under attractive compensation 
plan, reply with resume of your experience and 
income expectations to 

Electrical Wholesalers, Inc 

229 Whitehall St., S.W 

Atlanta 3, Ga 
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GRID FIXTURE 
HANGER =210 


—s 


ei LS 





THE ECONOMICAL WAY TO MOUNT ANY FIXTURE, 
Box, Cabinet or Curtain Wall! 


=" 
makes a one man job of most 
4 . . . 
Wi all fixture hanging jobs. 
; 
simPce  ~ No longer is it necessary to remove the cciling 
TO USE piece, reach to the superstructure in order to hang 
UNSURPASSED surface mounted fixtures. Neither is it necessary to 


disturb already hung “T” Bar Grids. The #210 
SNAPEE Grid Hanger snaps onto “T™ bar, slides 
into desired position and locks securely at right 
spot. Mount the fixture in desired position, fasten 
wing nut, and the job's done. 


FOR STRENGTH! 


: @ NO TOOLS REQUIRED 
@ NO HOLES TO DRILL 
a @ NO BOLTS OR SCREWS 


Write today for FREE SAMPLE 
Patent Pending a4 


(Pra) DANIEL WOODHEAD COMPANY 


LIGHTING 
ENGINEER— 


Graduate electrical engineer with experience 





in design, selection and application of light- 


ing facilities for industrial plants, office 
buildings and utility power stations. Appli- 
cant should be capable of assuming responsi- 
bility for all technical problems related to 
lighting engineering, preparation of equip 
ment and material specifications and super- 


vision of preparation of design drawings. 


Please send complete confidential 


resume including salary requirements. 


Box 394, Publications Office 
Illuminating Engineering Society 
1860 Broadwzy, New York 23, N. Y. 
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CHURCH Lighting Job? 


helps you! 


Here's hou 


nae 





OAM REISE based on half-a-century of 
church lighting experience, is yours for the 
asking. 


| Selection fim hundreds of designs for traditional 


or contemporary churches. 


iSales assistance fim representatives through- 
out the country, to help you clinch the job. : 
Write for catalog By 
} ‘ 4: formerly The Novelty Lighting Corporation 
2490 East 22nd Street, Cleveland 15, Ohio 


Designers and Manufacturers...Since 1905 








Now first in the U.S. A. Inca-Licuts are surface mounted, 
completely luminous incandescent fixtures—10°-12” or 14” 
in diameter. Holder permits the “Silverglo” bowl to con- 
ceal all metal parts—the bowl tilts on or off in a twinkle 
for easy cleaning. Write for catalog today. 

U. 8. PATENT NO. 645,184 





J. A. WILSON LIGHTING and DISPLAY, Inc. 


1500 Industrial Drive, Erie, Pennsylvania 
Dedicated to Iliumination through Science to Service 
PARAGRID-TILE * LUVE-TILE * FLUORESCENT LIGHTING 


IIA 





TAKE PART 
IN THE 

NEW 

IMAGINATIVE 

USE OF 

LIGHTING 
a 
ARCHITECTURE “= 


son 7 PE 


1001 spectacular approaches to lighting as a central design element 


Cal ING IN 
ARCHITECTURE 


by Wassili Luckhardt and Walter Kohler 


Don’t limit your potential by being “fixture :ninded.” Light is a prime build- 
ing material as outstanding lighting consultants like Richard Kelly, Abe Feder 
and C. M. Cutler have demonstrated again and again in their works. More 
and more, today’s architects are thinking and planning in terms of using 
light as a main design feature, and coming to the lighting expert to help 
solve practical and esthetic problems. This unique book elucidates, from the 
point of view of architecture, the principles underlying this new and highly 
successful use ef light. It opens the way to an expanding market for the 
talents of the iliuminating engineer. A brilliant survey that defines the total 
function of light engineering, it shows with hundreds of photographs and 
diagrams the newest methods for solving functional and decorative lighting 
problems. An essential reference book for every illuminating engineer, 
LIGHTING IN ARCHITECTURE can be ordered quickly, and examined for ten days 
without charge, by filling out and mailing the coupon below. 500 photographs 
in black and white, 23 in full color. $15.00 


Three informative illustrated sections 


I. Light as an Element of Structur A picterial narrative compiled by Wassili Luckhardt, 
architect, and planned to suggest new luminous forms in a broad sweep 
from microcosm to macrocosm, from complete edifice to minute detail 

Airchitectonic Medium of Creation: Walter Kohler, illuminating engi- 
neer, presents many ideas about basic and theoretical lighting, and pro- 
vides helpful information on light, color and form and their effects 
on man 

lil. Lighting in Contemporary Space: Here is what is being done in practice. Selected 
examples of many lighting installations of all kinds taken from all over 
the world are illustrated, described and criticized 


10 DAYS FREE EXAMINATION 


An indispensable 
; . REINHOLD PUBLISHING CORP. 
— b-day 430 Park Avenue, WN. Y. 22 aoe 
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only Guth makes Gratelite louver diffuser* 


*y.s. PAT. NO- 2,748,001 
CAN. PAT. 538.285 


2615 WASHING oT. LovuNs 3. moO. 


June l, 1959 


We take great pride in announcing the new 


NON-COMBUSTIBLE 
"NC GRATELITE*" 
LOUVER DIFFUSER 


In the past four years, over $100 ,000 .00 has been spent 
on the development of this grand, new lighting tool. 
There have been hours, months, even years—of tedious 
testing. expensive experimental molds, heart-breaks and 
"what-have-yous" - We've been through the wringer on 


this baby—but now we have a great new product to offer! 


For the first time, & fire resistant, molded plastic 
ouver is now available to our lighting trade. This 


1 
louver has been listed by Underwriters’ Laboratories. 
This places 


Inc. with 4 low 25-rating. "NC Gratelite" 


This places "Nb 


— 


mbustible grouping. 


in the non-coO 


"NC Gratelite" will be cataloged in the immediate 
future. Deliveries can be made after July 1st. 
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